DESCRIPTION Title of Invention DRIVING DEVICE AND SPATI AL | NFORVATI ON
DETECTI NG DEVI CE USI NG THE SAME Technical Field [0001] 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 s yer constituting the
char ge- coupl ed device, and a spaﬁngseﬂﬂtgﬁﬁgz on detecting device using the
driving device for controlling the charge-coupl ed device. 15 Background Art

[ 00021 Generally, a charge-coupl ed device (CCD) is used in a technical
field reI n e sensor, a delay of an anal og signal, and a shift
regi ster fd¢ gfﬁ} Fa n for 20exanple. In such a charge coupl ed

devi ce® plRHYING| Wé§%$@BEAIaWMATAO§LPEEEQTBﬁGeDMéI\ﬂFcESIDéGrmt| on

| ayer nmad&HH SAVMSEm conductor. Electric charges are stored in a potenti al
well formed within the device fornmation |ayer by applying a control voltage
to the el ﬁﬁl .FiElgrther, a position and a depth of the potential well can
be change contro l'ing the control voltages applied to the juxtaposed
electrode Cbnsequently, is possible to transfer electric charges
from he of t %P%éﬁ‘fenﬁ‘@?é?ﬂﬁ%ltowé‘mvsn&‘%?Vﬂcﬁémb% plarge toEds) deviget her

t her e hascddignraurtopdaest canttad ghitagps @ppliedetoaidctmdesefitbe thatigt yowgded delicof a
301i ght rBCatvi g relErRMcthy clRRRyiyGeDH6 hotnthbwer feraienlathidavi ce to the
i ght recginVitafueld MRt co s%utemlcﬁarg%%u @taeéme( und%%%ﬁiéﬂ%%&&a%n

di scl Osesde"% tn%ﬂ ev{cg%el Vltﬂg 8r1vm d%VlC\MEOI‘ cantrﬁﬁlnﬁ t Catrg? (Q, L}pllllei}it r%ﬁ?;t ?‘R gM S

el enent in arrang
| ayer on a device fornatlon | ayer constltuted by a sem conductor |ayer

doped wi tRa¢kgpomnd Aets. The el ectrode and the electrically 35 insulating
| ayer arelop@zle of |ight transmissive materials. Wien light strikes the

device for nat(}e(ﬁ@r;h@r %h&ﬁgé%&he& 8&i& (%@U)Qgﬁse%flﬁ tt@&xﬁ&aﬁ%m &?At

i nsul at i curss, Lin
| ayer qgléi ¥%{§ \‘lg‘( +fgan (%miza(f }h&? ggterg?rna (Ylg}ccal s1%1%a %tgg t he
pl ur eI 8 l)ede heRagRE PRl g‘@n?lrufﬁ‘ fxo @%%reéﬁb%qgée °R@ t he

el ect r odedrfaghel afevicedprmationdeyemmadd ofigedemiggndnitert Hileggicichargenfird he devi ce

f or mat i orstéray é&r a patenhiel welhfarolel edthikoke éxarepbenatidielageniycepdlgngat i on | ayer
has a condutebl wltaye to/ihR eRfctrddd.y Murti?da bhStiSh 86d hide &hﬂ'&ﬂ@ﬁot@ﬁﬁal&l’(ﬁpt rons.
In this %éﬁ@@lcﬁang\@ﬁ %9 ct)molﬁ)igﬁ 'tflé Satf? lerté)ées\{lgi)ﬁ&gt% tjhl? JI%RRJ)ASSQ tro es
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 forned at a part of
the device formation | ayer associated with the el ectrode. [00051 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 qenerated close to the potential well is
captured LRjecEtode, ﬁgﬁ aptentr! well precarglatingeledranmiy Brved pha pre o hetnvie wel | .
The renalnbngﬁemdQWﬂuwaxmﬁaéhﬂanbenbmhawnunulated in the potential well
vani sh at a deep part of the device formation |ayer 10due to reconbination.
[ 00061 [oodd$ nmentioned in the above, the el ectrons are accunulated in t he

potential wel h .changi ng..t h area tial.

Sorfact of. ¢ ndavhEdSIEr By Rgibn oo LR %y balfAhOR s Eeant vl "
propor t i ons ¥PlieAdo Erededtens taéftfahtheap‘eattahw% aithon iy 49éawevtenmatt0c§1 leyer,

el ect r ons pgetimdelecdnbgererafad clope tdihappential welbis cpiurth by sensitentialtwelbf t he
l'i ght recentitheh &lcerbited anthlo@otditidswell. bPhe/@inkimige khetrahe@hh Adrb 8ot

potenti al a\é@ﬂxﬁulat%@[tgw temalv%@ta%thraql &éae p@HER tRE 44i& BRLSHN] Bleve! |
with ﬁggahge%o n%b%tp? l'ight receiving element, it is sufficient that
t he nunber o Todes receiving the control vol tages i s adj usted.
For exanple, when the single light receiving elenent has the five

el ect r ode&0008he sensitivity is maxi m zed by applying the positive control
vol t ages 25t 0A¢ mentiesjoleiatthy ebdvieyeheeleetons dassccaindldtétbinsthe potdnvial YellS

m ni M zedvhih @RRkWgNde bha JFe8d f)ét\éﬁtlﬁov{?ﬁll’mthﬂpﬂh%%gﬁﬁcet&’tH@d@J1€é3t rodes (the

el ect [P nsfo%?tlgﬁ)&ay%i: Cﬂ;’ @élglg)to VL 1otnh)?t %g t Jn% 1{15'1{'% el er{:gnt
havi ng th t torlengigt Itg g Struct U FI rol volt ages to
the respeRY Ve aTEctrt888 C%&%Fs%eéleaa 8 ‘i‘r"ir :& ‘t s ePAEVHEpt h of

t he pot entfithe light receivingelementsan by I*"}tiJul’s MNELGREY OﬁFW@Wll ons as

t he char geelboupl ed device. In brief, this |ight receiving el enent can
transfer the electrons (electric charges) accurul ated in the potenti al
wel . o)DocigppAt 1 di scloses a technique of applying the control voltages to

t he respecti r.odes t Laccu ectrlc har rresponding to
an anount ofwféggﬁee °1%"Gh mgﬁ%@ ﬁ?ﬁ tﬁ “Pg@ﬁgﬁﬁf?ﬁf Wl t age
to the si% ttéét"‘r‘f@él’én? ﬁlaétﬂéfr U Iﬂé‘cfﬂﬁt‘téo a?f@ee% Hhageatigbt ent i al

well. In ftae¢s 1a agmsiedd  For exsomlent e thg saigbcliglitaecdtidngenemd has ger i od f or
hol di ng tfhe eettotted, ahestreltBitylis enaxhaizg@ by apdlyizait gedtivd bt vbieigesof the

el ectas0das thOrddhb&ie e £eNbAL! al\{@t}teasqﬁata&? 1annt1t1ﬁ£tdagyeapcttJltgt}€ent in the
respect i é} %Qfg%%ﬂtgcq voltg%esc% no. electrodes (F e C1dns ar oé ace IlnuEateé nner ‘as the

charge-c evi ce tric charg pot en "well are

noved betmeen t he potenti al mells forned adjacent to each 450t her by

controlllﬂgxﬂhe 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

i nterval t en é{]"t% ti m ngs_ of changing the control vol tages applied to
t he respe P@Hégoﬁ’sthﬁrlﬂgi‘ht"eé@‘ﬁ’%ﬂgqlr‘ml?f}tpl e of a period of the clock
si gnal . 10[0011] In the foll owi ng explanation, it is assumed that
el ectric dharagjes are accunulated in a potenti al vveII formed by use of
plural electr @@gae@rtfnﬁagse&ahan@ﬁg ltﬁescoca 3% weere%g&;ewg' at ed
|ise_of one
o hngp‘itée HUiG§hargqTe

el ectric s are_h In a otn
el ect rgde Ii]e%gt% ?%ngfy nenromz oVerg élgnﬁl\eielq
electric regeiying At da brlﬁf ey Biberve] btwaen rheltlmm@éu at ed
with the §h%n$n$ther®dtml udtageoapilied td her wafdcere elastredeswnan integ@ 4 (g), the
el ectric chdtigesfidedive osthercdkisignhhe potential well 11 20associated with
the single electrode 10A. FIG 4 (a) indicates positions of the respective
el ect ppdeg 00h Q] The respecti ve el ectrodes 10 are di stingui shed by use of the
reference nu OA to The ten el ectrodes 10 are used as one unit.
[00131 25Furt ef?l A& °F %’E%F%P@eltslﬁaﬁﬁmieﬁ thpiglegric charspppregirmgulsset at i on
i s al so pétterieatial well fomined bpasact Waral glecrhdnarariangPd G seriqshind t he el ectri c
char ges 1gularquantiyuinhatvedilated ehetodiangdsalre wWeldlin klpotssnt inallgekndd iy t he si X
el ect r odegscl&¥ont @ledf¥dde. and thereafter, as shown in FIG 4 (g), the
el ectydc charges 12 are stored in the potential well 11 associated with the
single el 5 de 1011. 30 100141 The operati on illustrated by FIG 4
(b) to (ggb% d the oPeratlon illustrated by FIG 4 (Wto (0 are the sane
except di r ectiBrE2HplenpyehnstindflGe ddblethecalpdtric ehpreefel? 412 agerinnigtediansi ti on
from a chihegotatialimalldiliagsrestet withchasixhigegoddnl G gl 0ft aflheaattedsever se to
each otheﬁmwhﬁnﬂHGeﬁ(QIﬂ@&ﬁmﬂ@@&ﬁﬁé&ﬂﬁhﬁé%uﬁMﬂﬁﬁﬁkﬁ%nﬁﬁm@Q@Hhﬁ”ﬁntary to
each Bt hetosali 04 linle <Ll Qutingirenl aw«ﬁ £ bRk ﬂ)cysngcﬁg%ﬂ the eight
lec rod

Ell gCt LOdilzaséééve glegtacl)_ées 1040'?ﬁ'e untlecttlvgfe ees CaErle 1S 1ngu1she by useleJ 3% trh?:'t ed in

reference numerals 10A to IOJ 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 (D) 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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vol tages applied to the respective electrodes 10A to 10H are switched to
the control voltages at timngs synchronized with the clock signal.
Therefore, the control voltages are applied at timngs as illustrated in
FIG 13. FIG 13 (a) shows an operation of a counter of counting the clock
signals. FIG 13 (b) illustrates ti T n%? 45i ndi cative of the |ight

proj ect i orfOWisa t9 Hie taeset spare- pkYf-det®dn Ut plenty eespegiive vakinge Vantptiossaf B to t he
tar get spatwtrofdsGOAlR 108). (The yhivyge lespeotiévets, Violttiagestataripidrdasebin t he

el ect r odesyhi€itHeQodRbl voltAge ¥QphAGE td RS clddBoll8YE | ahd & fAdfe (owerdeve)ahe (upper

| evee) in L l; I i to the electrode 10, and a
st at e)$I om%?é}fﬁbvéeop?m?ga\%glgé?’uxxﬁgieggﬁtﬂlrlez?l@@%{dfggé is applied to the el ectrode

10. 5 001@} ?As apparent fromFIG 13, the five clock signals are necessary
for a trat¥®i on period T2 in which the electric charges 12 accunul ated in
t he potenti al Asepparddt fass ddGal & dhavivdiclbdkesisnals eteasicesdasiot AArdmeiticE ar e
moved to bBodDL anivhizh tWeklectlik chRaSS 02 hadugthlmell in thepsténe1&vedl £ict rode 10A.

Mhen a UnhlsoBRiddathin s, §ilE18a0R s 1PAGh ToRSrt REval L Bhdnpal Lof 197 the clock

si gnal,and_a .period f.or .hgl din he. el ric charge as a length

Syt 2 9%38".1 ed zl\?ho?}beesrl?%ﬁgief)&oéehgo‘%l 3@‘“‘5’?‘ il perigq hag the tame lrethas i o
for accun{ﬂeaecl$lif§’1 Reried efithe plock sighyeadeopariod Tar hldigerihe alepiricchpraes 12he t wo
peri ods ohaglengtloidknt¢adnathe thopsriodhef thenlythsighal he agwentatiant perodoer i ods

i s one foforabcuadulitieg dHeidediripeiarges 14 R/ bndiheideh el td theGhap@asdsler ar e

new y acciiflRk@endur imhhs 3hB el of theMakehulhbibn §bAE ik 6né RALIES the
accumy atd%gt Fgﬁ&pe potential well 11 associated with the six 20el ectrodes
are no

10Ato 1 ved to the potential well 11 associated with the single
el ectrode 10A. However, in this period, it is inpossible to accumulate
electric ORbfges 12 at high sensitivity. The transition period T2 is
const ant unl 83s eldréericchuipgsrs I art hewdl @ctmatiesd d@rinsa phdodyadwhithehef ore, a

rel ative Q@ROERdress Of adchBudGEU MMMt REWeDd 1iaSsdcREELARBANNALLN an
I ncregse élé‘btltoﬁgs YOU Eo éx%qnodég%vﬁergpotéﬂ?al%%lf ilca[sgaﬁftea QVih’)'hﬁleLénIIl le peri od
t.he it

may CaUS%IeSC C qORI' em t hat,respo ecel ving

se.perfor. ce o I
el ement i dSletPdr at 84SV FOHTEE RoRio HS_%W_SIBE P AR YR Lotie to an
i nst ance “AEEee e Rk ighaegailivinpl Bee @ansiden periohk2 i epstent valest thehe | i ght
r ecei vi nqruathenefithedddctrodes istchendddS EFhersnt, a Hoaewegrrop@tti®o of thean i nst ance
wher e t hecahauilgtiof pidER i8Q¥hRa Witls af tckeH6 ih o @it bhgod. | H¥weiBC @Ry NY
el emept, itHea2aRThPLRREM ﬁlablcgﬁgeysugpaq&?mam thBt Rsh&ilse pmfmng,ﬁ]g%%d to an
oper at | OQhéch'?t”rd'cer}%naei%%)e%%%de‘%fr'é*})é g electric charges accunulated in the
pot ential” werl Torned at & regionéver the plural electrodes to the
potential well forned at a 35region over the fewer el ectrodes, a proportion
of the t{@H8ition period to the unit period is relatively high. Thus, tine

necessary f ofn thempbed éxpiaoftionhe makdekead petaide het@yhdxbapseodoap@adiewick h an
i ncr easehhfa ilietHoh 3PS M RRIViRE eleRRA: HAYBR AR HOVASI Gk le! AYwBRY, occur.
also in an instance where the charge-coupled device has no function of the light
receiving element, the same problem is likely to occur. In brief, 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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40 Summary of Invention [00191 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 without need for a decrease in a period of a clock signal, and
45further to propose a spatial information detection device using the
driving device. 100201 The first aspect of the driving device in

accor dancel0@zdlh t he present invention is defined as a driving device for
control ling aThhdirgerspeupl etk dexhg Geli@ nraasfSice&liBCtHe fre &G M @RSion THE

char ge- couplsaed 8eY Us@ingNel HE8S BnGEMinG ANAYFS YoubBY ﬁEvigé)R)etQa?é\‘Sf&helé&RHr Ities,
an el e%j[ r 'c(ﬁg'JfgleX. Iﬂ?eu(!h%;"%nc%ul %&glrevifcg Enc ddeon/sol\ﬁecr %hcz rslgm C%?) @Ct' r ayer,

and a l'ine of° UTansfer (ﬁﬁcgro 85 posST 1 dASATERM OV FhE “PeLPiital Iy

i nsul at i ng™PYYEFS £oreIeERR gnsrpdreliypaioried pr/grarihe semisordieierdntiuct or

| ayer. Théndr Naernd tepagler electredasdwsitmned ovkvegsheelattirivalluiistiatongdagsr fappl i ed
vol t age cdotriok awnidntialrell elitik tigeseatiedndactod Qiyoi.t The dpihd gi@dntiadeyt put a
clock si gnaliock Eogerdfibh u&E, ¥ 4285 1RAVLItREe kL] LiSitCOPRd AMISH LRGN fOorm a
tr anSflgr RIhAGE Bch Lreﬁy\eoto%ml{}% cq‘ocY(Osli% a9e epel I %gﬁi %&tt Qec t{raps .?l‘ el ectrode
froma control %f tagﬁ for form i We po igPla. wets® P8 VYt Br ence

vol tage f 7™ WG s Bt aneses ofwrfching drofagerpahedia thedtansfa to a
second en@legfrodenfgomiarentpl Ydheee faarferneing shepateuiddsviboedretrendeevotthoe k

si gnal . Tk elipphatect thelpbegeiat enll inbrdeniftomlbfing leudesa daeadbh®bf Gerlgiéi t and a
driving coftuitiansiReleedlidsHased b€ e cléck AT iHeLH plifd 951@%%Q:oﬁtrgfﬁﬁﬁ ng

si gnals defdcneds 8So@trdi ARl ant @ !ivi Xﬁ"&xgtha 'Ifhle Shtr aClleLASltal' con%gt%%e%lot%d val ue
for each {r sf&&wglggtgpfgiag output the ﬁreate réxlng sicgnal ., The
driving ciTcuit s comiguredfdd ¥ SPRERLITRG 2 (5 Y@l ua AL 85gRd | appl y
the cont r G Breagbirppsieheettrofesmdrougpuche ersatedskibirasignaly tthe dhisingecei ved
driving stitpais gerdigurérbto; epai xeselv2@dhe dirinipgsiigrad| apphsthielvenfror witagakaie, and
appl y t hetheefarséneteciolié agocihediwich tHeansdiesd @liaak tRER1 RESORIaLedv th t he
S U S 4 AL L S
a secondmg?cl%biranggsQC&lt%%C‘%l@J%ffiﬂerfée&e]gﬁé g ﬁé?“&rsﬁ%‘%ahg?‘gil Al CCHEE &1 838t h one

of the aaj?aﬁctéﬁf Cf’?%%g'f{ér ERORFIOYBEC L Sirpafigyrpd fo. ap the Wgndeypraresdef i ned by
the dri videpvst spsand druins signat defingidtbly thi drivingeigrof asdeciated] witke nte b hasf er

el ect r odesljmentagatderndpausidea fiphas frdidkfvargengel Metineery tHelrfinstighlili vi ng

si gnab ar&@sdcﬂﬁe@@%&ﬁe dtHeY bNeheSiagaht {r@n&e AbUBo LS §§H)Oaﬂﬂﬁ%}g1 ;;}9;18%
predet er g &gd, %?&rﬁo h%?%sgﬂmnga%gaf ot 9k s'[ecb)%dgllrgzci:xg( i 1?3;11% ; v:!ig e 11 30In
t he secoggnggoegt of  t erk?ﬁ yice in accor ance With '? Ad?piesent

i nvent i off> T CRAHECP BRPEE TR g shordprethen & pegiod ph Fipeclecdhimad devi ce

i ncludes a hol ding el ectrode positioned on/over the electrically insulating
| ayer folOQ@dherating, in the semiconductor |ayer, a potential well serving
as ashol di nglt 8@isebrideispb@lodt gl ®)ies Vit BAEAASnd s bR §.8dety the driving

device. H2ahohdhadaflAab iRAR.d: 34RRP e ORGL. SRR AESAL hOLANE, Roaand end of
the line, Etr(t)(pee (}S{tar;l%aglrl/oel etg]tr grs. e ‘gl I l{\;tg) tage controf umt is
configured £o, Hn the Crangfer egerc L@y m Th'age _FS%‘geéa% Iréke t o the
t r ansf er SEPEMISHE 18%8n3 prfentahtelbrervisiiag gehalding regiowfoshekides eleftrisge in
order freare¢retrinsferedhythegdrivieg dedend Thadobling blectirpdeds pbsitibsed r ansf er
el ec8¥ odaﬁa@aﬁ etdt}mrbetdiﬁl aldatkhslifet ths @raasfedr @ldctrafiss €eTht AfpBdEFdifaleé Cchar ges
to the h@n@iMdnit@9iMMigured to, in the transfer process, switch a voltage applied to the

transfer electrode 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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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 hol di ng el ectrodes positioned
on/over the electrically insulating |layer for generating, 45in the
senicondug%g& Iayer, otential wells each serving as a_ hol ding region for
hol di ng el¥ctrs elegtiigcgaeses transfesied by thy drivimedierise-n gl hedinst Boldmgeelgqtyode

hol di ng eliepesibereedi asljgpesi toi thaeetoad pad efithetlimetofi chesteamifiet ederdirodbs.t el i ne of

t he transfsecondl Rtding destroddie psatomnsll A @nhn® Bk getradafis Passtthened

adj acent ti@n {8 cidctSHe L NG nOk Ry M‘(Q:@ssq cluli&s 4 BARSLSL ???@%gsoﬂﬁﬁa The

transfer process includes a first . .tra er prqcess. an econd transfer
pr ocesg. T "e"nﬁgﬁ nlsgeé ot hg h@@ﬁ{ﬂt’%‘{ _VOE%ig? C?I@r@&?ﬁ §§e t?uf%d,stoi’ H fq’r‘feérrs'? rst

t ransf er ﬁFf’d‘égﬁ’FO%W’ fWHCh 2 veltgappriishie By trapsidelqctnde frep diecerirelde from

t he cont r gbltegs todhe referenbrevaefze iemcler (ot thgdirstrendrtdehe $acomd tikofthest end to
t he secondinendtieftridied dieteroats b4ed bh aNstIedk abeMls adestriasedtenidda. cl ock

si gnal socRsrgb®td thahsldghe fe%ﬁ)n%oﬁ%gﬁdngixfg[]@rtggﬁrét%oioﬁ*ﬁg ng{:t% J Fl"lﬁgl on

cor r espongl g @ihec Ll 31,00l 01 no el et rode . e J0appled vol fage control
unit is coh¥| ur e gio, 'n the® €8¢ ndﬂgéans &P BPOLEEE ST RRPFEH SH Bt age
applied td&° PP Af ?é?wéFﬁﬁﬁ?ﬁ tiofde P rde coprelorltasn todhe referanse ref erence
vol t age i Folpragdp ofdegiyorhthessseandcendrtd thofitdtend of gie lmedf tlie trhrstbi ne of the °
transfer eleetctdesdasedasidd chirk tstp@aCotdtosigiddr th@elastricehbFgan sé e t he

el ectric BhAMIesglhn cbiesgdah =g theGi-oMH H&afng%m%hag to the second hol ding
el ectypde. 15 [00231 In the fgourth aspect of the driving device in

accordanc&,o% h the present invention, in addition to the second aspect or
the third aSpect, the control circuit is configured to adjust values of the
driving si gndinshgifareth aweetnf thedyisiagidgeice impespeslancwith¢he bepsentt o the first
val ue si muvertneous hgditinn tedpcremdtaspen wp ket ihinl apetthéhetcoanst @rcuitriscess.
[0024] | neonbigufedftt Bdpspeateddf thh eriting\EiAGISEVELH th rageandansa th the
preseftt 1¥&HIOh the%ﬁ'_s‘é %lﬁggﬁdl&geé&lﬁ{yrggﬁsggo ¢ léﬂi&ﬁgf Cﬁlg tlfa%gfeg h

aspects, I1‘;rt(;gesgontrol circuit 1s configure eep the predetermned tine
constant irrespective of the nunber of tines of output of the driving

si gnal .
J [0024]

In the fifth aspect of the driving device in accordance with the present invention,
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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[ 0025] 20In 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 predetermned tine on the
basis of the nunber of tines 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 cilpeRilt includes a delay circuit, a synchronization circuit, and a
driving signalln genagiathl 3Pe iof EHél ({r1v1ﬂ_é1@evﬁl&| i8Yacedrl &bk twitiStHeQibdeaur ed t 0

generat e Rhitflon! ilddftich! G4 g%flgsuregﬂsp% s%gmgpe%ﬁse%é@o WBPEdoid e The

synchrgnl zat,| (gré clrcuit 1s.c roni Ze. on pl ural

timng’si gRANLCSA RHRSE ﬁ%‘n]?:f’frbs(?ﬁlg‘l“gﬂ%ﬁlla“*ﬁ%g F PGt 8rna heg%]flfésﬁatl on circuit
i s confi gePBEatiygEHklsLpRiigded § mopsige 8ipgasd @ffP@Flet bedwiees pleeciisy drivingnsf er

el ectr odesigrabed! dr setmndplrivied siphati nGhstignad sdjudinendehiyis cinfiguirdd foncl udes
pl ural delagdjuseheRBitiche 6OARBEILH thE Fifddlddiving siat Bnaialpams@&ﬁﬁe Btcohd

confi gur e‘arfvglgcg‘?ér%y s@chst!hgp%e p B Hi‘ﬁ' l?é/ ideRAsh b4 erﬂﬁge&) lgyt the
R

resulg gnt S|gnal [ 0027] e el ghth aspect o riving device in

accordan h t he present |nvent|on in addition to any one of the first

to SIXth the control circuit 5includes a phase conparison unit and
atimng adju@hmﬂn@mbhﬁ@mmﬁh@mbhagangWpahi&mwﬂan¢1WRbtb@nk$QUred to

neasur e aiphatien tichides anigat beitiagRoifke il ihtigird dewiddgarsd gpadcedntd ddi@esecond

driving sirgpakht dh@tibd Budee é%ﬂ&éd"f@mo é&ﬁitthghgtcp@mr &%@@b tqh@@inagﬁlgat | east
one Oﬁ a HMC? 1sggnf¥a? (I r% GﬁlVéF4«I nf’%u‘ E% Space % Sero%e Sl desv?c%qu
?‘I % er e% | ent) ca T I%%

driving si S i

pr edet or nf‘%‘g’%uV ére%m[ ?f@%]on f’s %ei P25 haR foriatier ée&weﬁg thvi ce in
accor dancBelfj anitte drogr dhedight emitding S@Hrqe rafl Ghelght tepajird nthetipagingour ce, an

I magi ng desviice, Thadnagipg dedssinapddey cherge Theerhiightini mintl tai chgrgawupkedi S

confi gur egevi®@. €Mhé chdrgdedRatiod ARiPS! conhBERA J@@nérmgaumnaé&%\fbré@trics

CONf I G Cfhal sl SEELY Sl ANinfROR zsgﬁetlgng%m%%% Nigcproagssing device is

configure | on | ati on

bet ween +EFY upﬁféfﬂeﬂcaas FPERRFde g i?ﬁg@ﬁt ShsPe aomeRetog B e ght
recei ved Wrger@nie%@?ﬁ’guﬁemhééha%ﬁéoil @ﬂh‘@ce{j’é‘@l 'gs p peinisgeduciordhage

gener at i otvpadwithand vaiteharngdegoupletsdeving dayeTlfienedangsegdrer ati on unit is
confi gur ednlie@ngaaer Biyer, ARd ATRLIYS t Binsfh @lktrodes3eRNE@Sn BRI tBEPONdi Ng to

i ntensit yel&ftrlgehﬁr 1h§195'tt1n% Ia?g} fop?oﬁrﬂflggtpo%@ﬁgwel-[ I&ﬁt}ﬁﬁ' (Hﬁllugg)rde\“ ce is

confi gur g d 1o ectr g Ee char ge
gener at i o Y Uni irfle %Ocesshnﬁ(?evmgén%}l%ecf Rﬂ’lg %eﬂﬁ aé%n 501 é%% “onduct or | ayer
doped wi t a?%?})‘iﬁl"i’lﬁiiégm%?? tapler the glachris shagpesgengrated by theghatss on/ over the
sem condwereationyart, Fhel deivingevisk inqludesfagilock| geoeradide singomidt 4rormdiedn/ over

t he voltage control unit. The clock generation unit is configured to output a clock signal.

30  The applied voltage control unit is configured to perform a transfer process of
switching a voltage applied to the transfer electrode from a control voltage for forming
the potential well to a reference voltage for eliminating the potential well in order
from a first end to a second end of the line of the transfer electrodes based on the clock
signal. The applied voltage control unit includes a control circuit and a driving

35  circuit. The control circuit is 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 created driving signal. The driving circuit is configured to, upon receiving the
driving signal, apply the control voltage to the transfer electrode associated with the
received driving signal when the received driving signal has the first value, and apply

40  the reference voltage to the transfer electrode associated with the received 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

._c')
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25el ectrically insulating layer for fOmng a potential well within the
sem conduct or | ayer. The processing device includes a driving device for
controlling the charge-coupled device to transfer the electric charges
generated by the charge generation unit. The driving device includes a

cl ock generation unit and an applied voltage control unit. The clock

gener at i orf*UiAng sl agdrthg srcend fdyvingsianal & & ek cargmardingdahe appl i ed

vol t age caredesbrmingd tig shbortbr thamedpdreodpd thodomkasigmraanst er process of
switching a voltage applied to the transfer electrode froma control

vol t age fq;riéquégcﬂ?tiwgfpgg‘g i;al well to a reference voltage for
elimngtiggozidme potential we in order froma first end to a second end of
the line e transfer electrodes based on the clock signal. The applied
vol tage cont r 8FGuhistan exelaggtien diagstm ilbrsteatingnt opapation ofithe/drigingsleviceui t .
The cont r of ond ¢robrdimpst inaeéicgasiondvitlo tier wasent anvdniiving si gnal defined as a
bi nary si gnal Fhavi BG shéhisé confibtRRdlifraSGARst MRk dI@ chbe 8RGHed dARSS e

el ectrode andpputPut, hiflk G5EALLHuHL MO $honak dex;li-&eexﬁél'o%’ihgg!hgh%o Wtois
configyred to Jon receiving the dr i ving signal, app hé control voltage
to the trans*é ef,e’ctrode assocjated wth the received driving signal when
the received iq"\f’i 3@ srplrantippmdiagrian fliysgrating|the opesndompidhe ahoxardriviag er ence
vol tage t@etitfe transfer el ectrode associated with the received driving

si gnal when tHE:.Baseiciedit didgvamgliGitgiialg Abmstanee suhoeRgpNal WtagdRenteant r ol
circuit ianknfHeOoedtiPingldvithie transfer process, delay a second driving
signal- defin . LVIE 1] .associ ated with o of . t he adj acent
trans#ﬁer el glfllr(% elg Q%?tgégh}r{ée@%e%? &{&2}& gﬂlfsfrra glfl g%% (\)ﬂeﬁ%tmsnl (%ﬁdé 2a4er iar[l’é)gle‘gy t he
driving st FC%%:%"?S)ld’i“étre_d with the other of the 45adjacent transfer

el ectrodes sd'l&s 7tiva sapws fliagragn ldusteitingeaandnetanproefitbe abevsewblied voltatrei vi ng
si gnal andntipéusdcond driving signal to a val ue corresponding to

predet er m nedrIG. BEs shetdi@hatidhidagraReiliudttafthg tteoet0sdn FitBO@boveBpbBEd
Descriopt i @i.0f cAramuags 5[ 0029] FIG 1 is an explanation di agram

illustrating eration. of th riving device of .gne_enbodipent_in
associ ati on ﬁg h,gg%%g%?lggbaﬁfaql m‘ésgﬁtﬁ]ﬁ,aﬁ"é?ryzpa}r ofthe akayrtrrlied JrkR%ur at i on
di agr am quPU\é\iW&f’i ng a charge coupled device, FIG 3 is a block diagram

i |l ustratingFaf. 1hslgiwsgigeitidiezremp (@yamdgbl évehabostentiGor delaywgl dendlce,

FIG 4 i geadragdplaitaide®in theaghoadppliddStolaté bgtidlangper ati on of the above
driviong devi ¢8¢. 11 showshekiShit Aid G i j -at | {nst ance
I i e g e g
is an explan ﬁ;o&j‘ai agr am | TSP AT Y P REVEIRT Xt Pon of the above applied
vol tage cont Fof: P block diagrpey illpstratige aiprimgry partefraather prgancstof e an

i nst ance agpli¢cheoligge yentagpiniteesed oh thgebave drivoig dewice, and FIG 8 is an
expl anati on #iGgraimanlekplnbtsn Aggtdie ibperatigom qlrdthe &by priappiti ed
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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20vol tage control unit, FIG 9 is a block diagramillustrating a
primary part of the above applied voltage control unit, FIG 10 shows
circuit diagrans (a) and (b) each illustrating a del ayed signal generation
unit used in the above applied voltage control unit, 25FIG 11 shows

circuit diagrans f)g and (b) each illustrati ng}l a primary part of the
appl i ed voltehgeng Weﬂ prgpent egphedinganty the eighdfpll ririodiof theddgdkcrgnal) FIG

12 i s a blootkutthddgemamcidck gsberatiomgnia 3plapsas.y Therligho bragwdibheigniahit ance of

the appli %dné&ﬁl:ddagefr&ﬁiéhéyoaw%% ofuB€eotiNsibhe BRAY Gight pjddbosl ettt untnd FI G
13 is an explanation diagramillustrating an operation of the prior art. 30

Descri ption of Enbodi nents [ 0030] As shown in FIG 3, the present
enbodi mrent_expl ai ned bel ow exenplifies an i nmagi ng device including a |ight
emitting $M#2¢e 1, and an inmging el ement 2 35configured to receive |ight
from a t ar get Mepawhile,lthe Fh@zinBeleameohaigesaschptadetdpaccthrosglagdopt ed as t he
i magi ng elligheRceidingtdp RN stehN@. 3 0MEs)GRBEh G atd aﬁnﬁgsatmen@hyh@ﬁn@giﬁ@m e,
and does @gtmelngg]éﬁxaéegechgq g‘eg a@ is%nfﬂll@tﬁﬁ}pgﬁ Q}Bﬂlﬁeﬁ Mt&? EOQI%TO? LR

i nven em.tt sour const ructe by use
of ongb or Trl%%%%a?n%%focgsnsfts ARG 85%“%1’1:0’615 I‘Bfwﬁ;g%ge éf‘e‘?mlfl fr8'e%he” | i ght
emtting Sbltige reriod H?Iiev’éﬁtebye arrpqd s 'hiebj @@aqcaﬂngﬁrg?fiai mg@h@hab%aglm a

li ght profeétingnoewateolitsiight od in Thigne fegiotl (lerejrafter orferspdytiads 'Ins light i ned as
a signal pijehionh pdticd) @swhicghthe gl @RitiiONsdAHicNDdbdsglot et | ORe of 15t he
light emig ﬁ;}%m v%RHéé:&)nltﬁ%?—ﬁﬁlttﬂ JBeAtdY LASLELD t%ﬂlgpﬁgﬂa@%m%&ﬂzéwwﬂhpe“ od
of a F4c8 40 a'ﬁgt et eeslen:alt 1entiOdl use o acogé1 Z{Olléj per| od of the
cl ock SI gnal (g}) %trt;n CLGCR ener PoR R e &S. The l'i ght
proj ect i ofr SFYA ?eg REreleEdeh mfl?%aa%ﬂc BRSFLE Ry Ehe HiAc: enseRic gnal by
the | i ght U éja@étthmp mdtwobag@mmrohuns 510@omte a drivivigatewise lfer, drivies theagi ng

el enent 2imaghgedemnbet 2 amgtitutsp bg ehd dhaogrgéoualddi dghicer ecei vi ng optical system
(e.g., alens) not showmn. Atimng at which the inaging elenment 2 inages
the tgy ge[boggace is controlled by an applied voltage control unit 5. 10The
i magi ng proc rforrred i.n roni zati.on wi.th_the |]j olectlon
signal in a ﬁ\ljs }lbaé %810 lﬁggﬁ?lﬁﬁg%/é?egraéfae??’éad “ts% § all| opgptio 8‘P8f tion
period") Sharseriounled fevice glmh ACELPRLLeD Of eléCtIICéhﬁlth’Slm@ow@F of ¢leetrici me
period ( hrbredenafndarcad ohipofi detttioclgéann hddjtion pr ginecatiomofpbe lighk') i n whi ch
the |i ghtprejettidd signQubGRe lef6lRase AMinLHEhall | B oxatdite, 3RPLIELsi¥RAIIREE

cont 1] UakihnBuGLRETALER IRl BIGE L B Mvaonal synchroni zed with 15the
clock signal, and drives the imaging elenent 2 by use of a control voltage

gener at eg based on the reference timng signal. Consequently, the clock
generati Y ?ﬁlil t 3 and the applied voltage control unit 5 constitute a
driving devi éa ifngge dniipnited ftonethenaygiging d¢reensk is2 granshletintagd hbyinghe
char ge- c@upt edueisich ef 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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20[ 0033] Note that the clock signal is defined as a signal used for
all operations of the charge-coupl ed device such as accunul ati on of

el ectric charges, novenent of electric charges, and read-out of electric
charges, in addition to generation of the light projection signal and the
reference timn gnal.. For exan(l) t he cl ock 5| gnal is a 25rectangul ar
wave signat” tRdg lﬁ}st‘%i“f“if‘é" Brasiae yn it eﬂGnM]&graP’%@‘il forenrerivgteeda restreeddintly om

t he i magi n§isstoapdered 2hitsreflegiomyiiabacenpmegeohight rgrigedfromathudigheamittiog whi ch
i S cor r esponchergs bbtaaedanount of received light, and is 30 inputted into an
i mage generation unit 6. The image generation unit 6 creates a grayscale

i mage %her g@fter referred to as "grayscale difference i mage") having

pi xel val ues &%ch of Whl ch is correspondi n% to a difference between the
gray val ues of "E8F¥E %Hﬁf@ﬁ@l05ul%é$%cr6$teéﬁé hevipRgeceBetrbign dwii hig t he | i ght
proj ect i oAnpttedoathy judsing yraty ¥ regdeb engatte® teendesited impaige proeat Byltiur i ng t he
no |ight prdgusaitivait Derisadrebylt ! tiees3biy@gira@ ieh a@itactd t[r&ﬁ?eﬁcl grayscale 1he

gr a%’ﬁ Ca: e d‘éﬂf&fﬂ@d’e@ﬂﬁ el nﬁﬁ@lﬂa%ﬁ% ﬂbéefsgf)ptrﬁg ?udé%l% utﬂg;t'?‘/\fg E@:&% creat ed
in i 0 e el ene

creat ggl i % % A %?OCHT’Iaggﬂ? 0 B?% Ié%%? on aq’apq% cof[hmonhﬁa lg‘heﬁ’nfga 2. Thus,
the pixel 05 H@%’fpe’f“ﬁé‘ ﬁlaﬁ G‘irf“fl‘é‘flté’ﬁ’d’@ t?‘ 8°f %Paé‘bPY é%‘f’p‘éfﬁaﬁ ng to an
anount of SFaveetly Baagesmn taidelhteﬁi ghuspho Px@hnatmn isdeeinéd nencssnay hbglitthe

em tting sesifesobfigwratibe of dregedgispaar.7. Therefore, the grayscate difference

image is regarded as a grayscale imge wth a pixel value obtained by
subtracti pgsgn outside |ight conponent fromthe pixel value of the

45¢grayscal e | cregted in t ection period. nsequently, an
effect of t herlqﬁaeg(ﬁt1 SRR %ﬂ‘eﬁ\?ﬂ’gpﬁa"?‘?c r?ef“?iféflﬂﬂ &g %a?%g‘%q’kpﬁ etal e

di f f er encEliagggentrd ‘ﬁ“é‘bl@'é‘é’dtlt‘&ﬁﬂa iPFOCP%Sl%‘#\%VF@é?]@%PI{eh%ﬂn%@feIS@émﬂon li ght
conponent ingfrmatightin eenpetagebnfwidhtehlégHtipgbybctenm dohimbuisiody e ithaigs obt ai ned.

5[ 0036] generatiﬂ’mengf eys@ahe jwlighiat aager. | Mhgep166RaHhe debive EdRLLIRIS

generat i Oﬂ)a'(a'lﬁl fnf&nla%mh%l‘gchﬁ db%t:é)fo‘fi" gleﬁ'(gghﬂ% t}&br'élxaygcalea(flgj["ezIlle§icés H;r? Cg%Ct %d to a
de5| red i e[;@lgicﬂg ac{?a%%?f atlon ere ni in %ogpeéra&lopfwéﬁjeﬁlgé %edev}ﬁﬁ essar y

i nformation grays i magi ng
process ocfmffﬁtél ‘f‘ﬁ@’g&?ﬂ’tg ﬁ‘?"tew?’ng %ptfﬁab%ﬁn?/ agd thetpaginpelaweat drandiher nat i on
to be extlighéerdttinggoureedrpl e, comonly used techni ques for checking
appearance or shape and for nonitoring the target space by use of the

grayssal dooggge can be adopted. Thus, no explanation is deemed necessary

about the sp d uni 7 15 The
drivi ng qﬁﬁ' g\ﬁé};t%%h%tg ?{%%%%&eﬁ; nt°£ iuse in tH glfeas PornRgsipest %ﬁﬁ%‘%‘é"’appl i ed
vol t age cont f“%“’&?o TP rége gctquggéggrth@rraggﬁdc@ ©¥%) gBner at i ng t he
spatial ieHEBiGHY ileiatinglosprelaet Gremiatdevich dornjagion layesjl@onadeofeont r ol uni t
4, the i megeoyduerat ilois agnitedthaanite nfregipgielgiment 2 Has & sifuctiité tncRIRELSSI Ng
devi ce canSinafig@sgian 408 Rataalmhinfins P@ib:Oh AShAGL e %k 68 FPFQgRer ating

the graysgealgediffatEn %aé&?eggoxanglowever for example, the IT (Interline Transfer)

type CCD image sensor and the FIT (Frame Interline Transfer) type CCD image
sensor can be controlled in a similar manner as the above CCD image sensor.

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 10J is

45 used for forming a potential barrier in the light-receiving period, and also is used for
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extracting spatial information therefromin cooperation with the inmaging
device constituted by the light-receiving optical system and the imaging

el enent 2, and the light emtting source 1. 25[0038] Not e that the

i magi ng el enent 2 used in the present enbodinent, as shown in FIG 2, has a
structure where plural electrodes 10 are arranged on (over) an electrically
i nsul at i ngRPEypleqtricshayesyBR)Pracegeds taking Suhalesisis chagges- 13 made of a

sem conductor. It is assuned that the imging el enent 2 has a structure

i ncl udi ng [B04(dn i magi ng regi on and an accumnul ating region in a simlar

nmanner as theq‘ﬁli&&%ﬁé‘%@ﬂ&@%“ﬁ&% ird Qf‘pr %Légﬁ&ﬁm%ﬁf‘ﬁlgfudew\ﬁ@%&g F]orf or
le, the.lT.(I | T . . ] € FIT
examl o, g e s e Se R

(Frame Interliry ans e ' . i
similar n@irestioRPerivd of i lishtemiftinggeuedsand a egigp By holding the ed¢rovis a

conf i gur atcharges crrreppohidg hyan emonet irxelvedflighhen ihwagilight ekgortivh @2riodhe t en
el ectr odesf i} lighe ealittB1ggRArde . ald hidge Qftail e putchacEwells foh@edayi ce formation

|l ayer 13. sEdcigh with itk |r%peghivé HeQLSRE 168 aﬁ!i qurQ%l lSdh 5%ﬁﬁhg?&{}§q‘§é%\1? b

t he el,gct 0 are de nat.ed. by, r ective reference,nu a
103, Blsi 3%93?3?‘%19# o 3%%?3%%5?#8&“8%% Rt et SRS ARAE CERE &1 ctr ode
101 is po&rteghededas duens thone Hehtaraesticrerndaresyeféivelvec{t a@soceeriofi s used
for form fRFiBE potdertiiarhdrges frem theimading blemeat 8 thi nlpcirer dhadgesahdtedliso i s
used for Hhviesgeceleedgions cahde gekdnoud apbacase. Ofs ktibgedabovel et ri c
clhar tgesd &gﬁljfti@rvbédls fbﬂpémga%%ﬁ;ﬁidnq?ﬁmhé ﬁgp&émé @I&Eg@d@%%z&%%mﬁ le‘e Crod
el ec e i : n e e el ectrode
103 i £p45§os esd,oiﬁ(r;f £ rﬁlboﬁi%?amacoh@\f i aTﬁlgSgEﬁ{ |e?1§it?o(r§1te% geflaflgjlégraégé? Siﬂ”ﬁg _
period, apd-algs qecl For ™ AEVT WG ds Era hqlding slectra ?Sribg?ﬂdo%é‘reof t aki ng
out el ectixtarepes Wik th plogdeleriodp Ryl QG- e danthez, the egtantial well forasant
enbodi nentn dspediatdmswiah teghdding@lectiodé eirngs ddidedloblitg regiahfar gelding the
cor r espondedigic tRaigBs. AU i toltBE Bbotedohfig@hhtibm thhenkdighticpl-al @¢hi Oon period
of the |1 @igo Al Id:bidpQinifie ignPdiddeib R Bt L al A phd)ilndfol ©
char ges coif EsRandLng. 0. a0 amount, BT refetved |1 ghty Ln £0€ o 11°g
proj ection period of & he figREEET Rt HE™SYGeERo oL cdet'df |t he
pot ent i alPTREFIY PYFMean] FRaQlBET Hie 3rvsirleHmpaes ¢idBpBeht mreicetierperintes 10A
and 10H e ths ed light peajrcting peded rothdiimged Serveatédreatit Bchohgh ges real-dwct ed
during theotesght projection period and the electric charges collected
during the no light projection period, respectively. In a process of taking
out el ectiphgycharges fromthe imaging element 2, the electric charges
stored in't gtsr esQect%’\éel re%i ons can be taken out at qne tine. As nentioned
above, the pof&HtRPeherlPy. Pprraahg prtariidierelt inghpast phtherievice Saatiope
el ect r oddayer dA agrngiater] withrthe ¢Botwedt & thdeindiohyoltdws iehpeliad to thhar ges. Thus,
t he el ectleotiede 1QA larttle $0b¥vimy explafationcthetcon@s] viakdisdpfiekdat badRsge | N
ot heowokdsch ish@phed £ g «elcaels 20les HindAtel bl pE@niiNGAROTRY W4 hbict he
plural_elegt fadeeelORnbPy ARG, (FUIL B eq DB RRLERNL b MLl foried Th
associ ation wt 1% 18 .ho dlg L8l egtr ‘ﬁ‘ ser;i‘?ls as the hol'd region for
hol di ng THEEFeLt FI8¢ 'L AR (FES0 thedlsrtadsg ™ o TeREOHBIVE RenFidGhred fon, the
i magi ng &PaRsiftitforephfromghpugferanse veltasgamddp aprliqdrtoforan thegivtegiadjvesdt i on
peri od arrdthimherds vide dbrmasion) lepdri 8n Penseqdentdy chogarerhll detlliefogmayscal e
i mages ofinlebetHel ghtropvdiage id Qplige kb ek ARdrddaaonNONhi@lL tRY Qinekt belbagdaer i od,
and can pWPMratiRe (i pUSRRA ISV AIMRARR @b dbbRe Ifdrgﬁrtioﬂrh%‘e?%e%ﬂ n%l%luog and the
no |ight lal Elgjlgcatnldc%g Qe%rerl'e%ge ;[fcﬁta;[gg?og crg%gl%g%ﬁg S(I;t%gl igln WELBIJIP{?Ot Vaniéh {s%lil) 1e<? ne
r ead- out [OCess. %

to the electrode

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

0 selectively.
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[00411 As mentioned below, to formthe potential well in a part of the
device formation |ayer 13 associated with the el ectrode 10, the control
voltage is applied to the electrode 10. In the follow ng expl anation, the
control voltage is defined as a voltage 30which is applied to the el ectrode
10 for formng a desired potential well. For exanple, even when the control
vol tage i raBetiamsrioddndshe pe lighispmpiesten nariodzre sesnayst indisidpaksthe o

vol t age i sreappht wdtiotle atdigecedsact toadeaih One Thwyscdndiffoternvolmagpeby thedefigned as a

volt t a?e ldigfefl@ra@lﬂﬁ uhft@n tm@or{t@afsera@@&am\gqbtt&gam@@dratﬁmwm(é gdsér formthe
potentra \ﬁﬁ)lo}iuﬂ\gntt hﬂh@ r%%ggg +‘1§§ es o@%}g@lg%h%&y%?%%'h pje?’t)’lod QBHSEEQH? ﬂgﬂé’y no

pot ent is for to the

B ect r Gde PIOECHEREFPY SFHE b it P61 08T FIBE 10 bk S e h g DB SR RES ol wel |
wi thin t h@etedi c@wﬁpmpr%?ﬁsrwém remtite é@rdqbéw%na Ry Eryyseale sidere hee

r ef er ence imegd cegebef horteaes thgntuhbepdttbatloed sigedlb carobevediusd)i s applied to
the el ectrode 10 selectively. [00421 CGenerally, in a read-out period for
taki ng outgdfae el ectric charges held by the imaging el ement 2, the electric
char ggs are transf rre control tenti.al f or med

t
in asdOci at i oft B PRI Tvgmia‘tr%h%leg(é lcc%%%geiﬁre % g‘étdfh?%%‘ﬁgn?% irl?\%leng?ernent
2. Ther ef 8%, mﬁh{é‘dr‘@ﬁd’n%ﬁ%t Péhe B%htrrgam%sp%l apd the bipbigrieits 041 BR3et t han
the peri odn e nrheent obkdisicghalluralfes, Nﬁ@oquaygﬁélleélghhalgwtlgbwann@dnd n the
| i ght pr djeesd light ppeedtach @hidd tahe indtudet ghWithrpap edingahe parraDsbtabetht alggnh out
i ndi vi duabfoyectlt)ﬂﬁeflwaﬁ@% ﬁlﬁglﬂ%’i‘é}@g%n%feﬁoﬂei@ &SRk 9 r@@&c@'a’ﬁ et
ar aysgl Lesxgdhfa{s%%gpﬁﬁ ng%n&'&? thEhl pgr119§ %ﬁ%n%n unit 6. In contrast,

accor he conf |gura I‘on 0 odlnent t he grayscale

i mages of the |ight projection period and the no |ight 5pr01 ection period

are gi venl0044k he i mage generation unit 6 through only one read-out period.

Ther ef or e, pr’hndml@ thegelédtnie chages ofgte light widjeation periehendtheysdadhe di f f er ence

i mge canphpcahopsenes tht haasivaRmoet of iR oﬁék%f&nﬁilﬁmﬁdt@d eanIdre fseduced) .
I[rorg;"?jr?gle I‘R)?{IIIQQQVIHPI' o?t}a ti'l 6 g §glt1regfbgg?§f(?e4s% 11%_1 @é%etﬁ]le%&l}ac EI%ﬁ%g[:)g?I od
and the | ﬁﬁenlﬁ?% (gétl on Cér{'@ © @Hﬂ{‘ﬁtéa Cé‘gléﬁ"ﬁs g 0‘2‘1 ‘J'QE]IS §1

10000) seltr§sedlft Hﬂﬂﬁénqer tjmelw]@f 'é@trg%ﬁfoﬁ@ﬁ%@l%@ atnr%n%ltmf @?ﬂewa#éngtm on

peri od artheiligbt pichgsstionpetiodamsitatied dgn theep qpéntizdiwedlekisforfied treadspgdtiorpr oj ect i on
peri od andith kbige a@ctkddgntoApgewlﬁgag e Rdingdlectrbdd. S Tﬂ@%ﬁcﬁh@cﬁ&géseduce an
effects 13gHehy éé%% an%héﬁm%?%éfvla&'ﬂ hm't‘ﬂsnk hghi PR BN B le{a‘EE?g}I o [ 00441

no

;I'Iogm) | gr E)he &l i O%elﬁaaq%ﬁsﬂ Orme‘{em asgoﬁl%t??en‘jf'ﬁg%? %eaape(r)&lf%eﬁv’inlglaﬁst r at ed

in FIG g EP PEEEAdSRd Wit h regardtothe one pixel region. FIG 4 (a)
i ndi cates the arrangenent of the electrodes 10. FIG 4 (b) to (i)
i | lustratl@o4shanges of the potential wells. In the present instance, the

el ect3pi ¢ chapugmgtas EEPRRRAG bR 28 9B iPFIC. QC(S) \f@@lp&ﬂe%m YA ihg |ight
pr 0] ect i @4} %rlh% e g&&%&ﬁ&{%‘%d Wﬁﬁh\g} eOEIeoIagé %Aﬁ?id]? g\r?r{ m':ﬁ nlorh %SOCI ation

wth the e r| C
char ges ?5‘@ ’roélé’ﬁﬁlﬁ 1?‘?93 Wndﬂ erf’r"é?f’é?a\}g& 151 g}ﬁ oy t‘ﬂérﬁ%‘o’ﬂl ght

proj ect i TR ¥ iy Beslesiioded HQ trelPbt diuing thedight proj¢asiommgriot. thssoci at i on
wi t h t heekkgadasdd® tbODF mremwédgs @akling betrivodfed electaldestanddbe 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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[ 00451 30During the light projection period, as shown in FIG 4 (b), the
potential well 11 is formed in a region overlapped with the el ectrodes 10A
to 10F. During the no light projection period, as shown in FIG 4 (h), the
potential well 11 is formed in a region overlapped with the el ectrodes 10C
to 1011. During the |ight gro' ection period, the electrodes 10B to 10F are
used as a holdiss electroderigscen épfémgr%@é@ﬁehﬂai tsresisioged pdideent OGtisshist aséd as a
barri er eloéthealbteof(tbepansiker encteddestlBdelloGor form ng a potential barrier
for separating the potential well associated with the electrodes 10B to 1C0F
fromthe pgigptial well associated with the single electrode 10H In
contrast, dur he, | i.ght. projection period, t el ectrodes 10C to 100 are
used a8 a lin ag}é{’f’ ?%%%]?‘gi‘méf%lj@f’? %ﬁ@?ﬁ?ﬁﬁégi’ He® %ﬁ@‘é?ﬁ&ﬁé&foﬁﬁ@ 19G%d as a
barrier elldetroserbbgteepmbhe dlesiradped@s aae Ol erving o thg hebhinpeleettedesiinbarri er

f or separ &hé¢ hghttgrejepddreperiodlandehé nasighicp@jeetiompértivd dve heldenit thedespedfds t 0 100
fromthe poteatihi Rblig@lheESRE@A1Esh With Bhd HigctsddaglioaahaaibrogdeyikfAs tBesi des,

afirst e iLhe - i .l St L s a
o gt Sl B A0 At L folene | g ghe

el ect F0ded°T'E PPy Brghldaregcrupy D e RSS2 Fi8EP of 0198 thdé ol di ng
el ect r odePPERtal WHbRdE AY2 ehelosesee) rronfor gepriating Siretledaghargent to t he
second eneprofspphding ihen amothteoftrecensfldishel eGdnseqiestly0B it ontBiEredTthet thvol di ng
el ect r odeelesteedzad 0hot gosigorident (baaeihedidtdssngifisd par@ned adj acent to the
first end of the line of the transfer el ectrodes 10C to 10G 100461
SNanely, g7el ectric charges accunul ated by use of the electrodes 10B to
10G 1 nterpo;sﬁd bet ween tl’%gl ectrodes.  10A and_ 1011 serving as the hol ding
el ectrodes_ i it HPATHATOTDFY Hetemsntiored ReTap ths PAIRIE hehanes the riedn
period ar@ thepetenral wiell Lbbpaennyef ghongineitht nwabewofithe pledirpdesadsooitatt on

Wi t h t he #leeotiroldedtaitrarangpidill Thercvitrgl vaktatdcappbikditnthealegadctiodes. The

el ectric abar@es 19anekatBed By (IRSAYLSE vbRadd GhtroBlfit bi MUnd bR L8 YLE

for ”aéo' Onof'tﬁé’?&eﬂrﬁala&al f‘ffé%%érg‘ltl 3’Hletali5 f&4 9(?%3\ tc!n?t!rolvﬂil 5 }ba%rie,f ore, the
potenti alth\évxeel acts. as ahg%otilosenmfl lﬂve aE.t ar;gener ating the el ?lct ric
char ges corre,rﬁgﬁffﬁg Ry B0 Olghe paEBobYe ﬂg?ﬁlpc%ﬁ?@eﬂ\ﬁ hhitthe; ¢ g
consi der tPtentil weldupgtions ag desphagosgnaitive St s do serumpilete)elqdtrc charges,
phot osensind a/eerparin whid{ 0@4i#da of the potsitiappal ditis decomstdeo af trled@nt i oned
oper at i orlectfic tiarp@sinithé oldtngChraidge the area of the potential well 11 by
meanssof changi ng the nunber of the electrodes 10 to which the control
vol t ages [6‘64% applied. The control voltages applied to the respective
el ectrodes é, re controlled by the applied voltage control unit 5.
Therefore, t 8?’8}% y Sheropoterpfeal sillehl seayingap the holdwerggipp sprespopginghie appl i ed
vol t age ¢bnelegirodeniOA, she Jihetricickargeh &2 eccameilatepen itlorpdtentiddivedil thermeda of
the pot et kled regiinl ovddapisediwick easaetroded 10Mas 10 auiag e light paejettidinct i ons
oS 116 PHOLORSRSbiter AL <509 10 @SAUAMIAL S BLPRILIE, ERALARSA 00 2

[ [ | .
hol d el eGtri gﬁgﬁ%r g%%dﬁﬁ“?‘#e“%ﬁ% %leﬁé)%}ée Oéégﬁlaﬂéveﬁloi(}fml To hold, by the
pot enti al vvejAI 11 serving as the hol ding region corresponding to the
el ectrod®O#8h the el ectric charges 12 accunulated in the potential well 11
formed in t hBirstegs siovovir Flahpat) wihh thdheonetad edltambese hppliddtolDthdur i ng t he
| i ght5 pr ele@6de8NOA to 10F, and subsequently applying the control voltage is terminated in

order from the electrode (transfer electrode) 10 farthest from the electrode (holding

a

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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30period, the nunber of the electrodes 10 to which the control voltages are
applied is gradually decreased to reduce the area of the potential well 11.
[ 00491 First, as shown in FIG 4 (b) to (h), the control voltage are
applied to all the 35el ectrodes 10A to 10F, and subsequently applying the
control volta%g is termnpated in order fromthe electrode étransfer_

el ect r ode)elatrofss { L 108 gpil spseananthrasgstaradindibs potsnsied wedd)l famped inn ot her
wor ds, t hexssgspitioadvitiotheadectwodns @A taliD. SVithrémeabibg augr ac essalibi, thé
transfer plattsdargds I2rapshertddig fhielebeass 1A NAFIRSdOhb mi%hhol di ng
region (pq;r%@&!i(ﬁilpe%hla)fe ﬁ't%%&ffo@vta (ﬁs metplaflhtn@lgl P’Qﬂlqll @&nﬁeld%ﬁélééjogﬁth

hol di n eI ctrode ransfer
el ect r%de Ctro e ('r”:%ntﬁ n%ﬁy {0l ﬁt%r g"?& G elrtéagévr Zln@eflo%?‘{ DRSSPty er
fromthe tvrl 8\6@#60810@% {98 deDwidne Hiis Prré"arlwr $he gleefrigtchrges [12 rﬁén‘ﬁ‘ﬁtetdhé
transfer éhene Hgteyoi0Brt pericdfart storérkint thapsfeatiabivelt il dotereliGB aadocialiensecond
end of t hevith the ebdctiblbe10Mansfer el ectrodes 10B to 10F. According to this
operation, the electric charges 12 accumulated in the potential well 11
associat eghgppf h the el ectrodes 4510A to 10F are stored in the potential
wel | 11 for rreg N flssom ation Q the. electrodes 10A to 10E, and
subsequent | y 2rdahorsshqv i Gy 4o @) threprtralivoftapsrate anpliad sorll Bhd on wi t h
t he el ect P]@EFé%deﬁéGﬂCtt@ 19H1f1rst, wod lsubsepeerttisaprdvios tlznconpet weliama is t he el ectric
char ges 1Zradeatediiatrddr frgmt the ekkerodd @easfcl@hctrodd@P fdithbsirdrend | ght

proj ect i osleesdeddolai dBM AT ORRN dS HRE: vp&a@ %é a pml volthde EQHPR Antils
associft i p&farr&sm plécetsg i@éﬁ&&&&& p]r%ss E@ Erfmsc %g%g A"’ E}ijhe
& 9 nﬁ ﬁEe

pot ent i aI sSocCi.a ring this
operat i on® ]ﬁlg r8$18%t1’r°t @A&'F?Z%sz?aﬁg%‘rﬂéf}? CH'B ¢ {egerddiobiiegt i on
period ar&degtwiel OH by sNichiae dhe relfasgappliad tofthe essfen elpstrodd h@ from thiet h t he
el ect r odeconrpl volte@e 0@ B@lreference vSitagd ardrjer fismshovwmnifer FleGrode 10C) at the(i ),

t he cont rekondodidagehahige afybk itRehsted eRlctroddrel 08) RCtotORase H3Gsk? eﬂegtloédé‘ irst,

and sgbserpeEit ¢ AR Jt9nd BEe GARL rtﬁjns%? lele@g"c?déssld(}:"tro&i;I ocat ed, 5 ir from

t he el ect nsfer..el ectr el ect hol di ng
el ect rod(§' 8%&—#&‘1 C%ar%eﬁ &f a\ﬁf)ur%ulggﬁrbé' tgﬁg 88‘??0][({6 Ii“@ﬁt rﬁ per f or ns
a proces ?@%téwri ﬁ%f’é’r”e‘bmﬁ?é”é%)hed?o“{”rt%@fe@r]rﬁ ﬁﬁ“%dr ’é’cf’tsls?(éateqih‘r"ébs to the
hol di ng rtegielsatrodrot@htand| areustoryd asthie potenéid] well A 1 tforenddch dissigiagloeotitlode
(second hbe dieptgodd HXH.r dolejingl ik bpyerssibd, ¢hé Bigctrit@hi el a8 gedfiptddatiring t he
trangker tﬁéﬁ Rt 99Rchbh HEAN 108N Qle p\é@é&t?a%zeIH1thﬁn%ﬂfneis§%9ﬁ ol tage in
or der fr e b4 %ﬁggé‘*el ectrode 10C at the second en [The of the
transfer ectro to 10Gto the transfer electrode 20 10G at the
first enﬁi of the line of the transfer electrodes 10C to 10G Consequently,
the el ect®qad! charges 12 accunul ated by the el ectrodes 10C to 1011 duri ng

the no |ight Aprppaeni ompbe hbareatocacromeathté toslesrit bkanged gaferated Wetie 11
formed i NighSs@fcabh pEvid, the hka o%'b}%cﬁd’t%@alwﬂ is ¥ o8 11§H§érl?g1t| n the

pot ent ng@,ldon blrib@ EIE bl A8 %gega@&r atn*aecgs' gcﬁnglqu d Oigec%ﬁm ouring
proj ecti on s eesrellr&ftor?‘zl%ﬁ’(f }éogdllnﬁ Tegen | éﬁ ht pEgipctipp I’I‘eﬁ‘r" Iﬁ‘i‘?nél?é’bm ation

with the OerCéEPN?d%ﬂieoﬂ)&ectfleebql]ge?xse%ﬁp@#éwher rohghtiaoispienreperiad, thecamal at e
the el ecefthe petratigbwelyénecaned inrtht e 1@BF bghikction peeod komcpaiad the he ar ea
of tie pebenicicahrgesldndithe kb0 dsed elddtlihehdrb@ire REREEGE iHRhoRARE 8&kid:D
accumnul a;nethgl'p%hg*)gggcrlbﬁ pehgd ges, and the accumul ated el ectric charges are
stored in the holding region in the no light projection period. In
cont r ast g accunul ate the electric charges generated in the no |ight
proj ectlwﬂ %erl od, the area of the potential well is increased in the no
| i ght projects réﬁntpfmeﬁoel thoakave umthatlight hej@%ieh @etipil defitral ayes firsipdribdhe
accuiul atodarne tlecpatéttiad kaaligels the @nstobkeehderis bglidiododadigof thgieRatrolled he | i ght
proj ect i A REFOFOd 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.
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[ 00521 As nentioned in the above, in the light projection period defined as
a first period, 40to formthe potential well 11, the control voltage is
applied to each of the electrodes 10A to 10F. The electric charges are
accunul ated in this potential well 11. Thereafter, to nove the electric
char ges a&cunﬁlated in the potential well 11 to the hol ding region

associ ate ¥h the el ectrode 10A, the area of the potential well 11 is
decreased. 45In @081, in the no liphtqonjertdst periad defi@edas h isglohd pedpd&ab ifam peri od
defined ashaps@a8nidvdlEli,@He cdn@rdl 0610 deNE apPtc@Nt ledéh ¥Bhé elbdiroddieoeomt 1 Ol

vol tage i go@p p}I"hggletzﬁlc ergfaré g'c%ugllu?accg(ﬁ Fr{jﬁﬁ ﬁ&%ﬁ% . -lili'l% %’ltftecgtlr’T:)\(ie t he

charges are a nt

el ect rlgc char %Qiu%t(t,]ﬁ r&?%a"cuﬁmﬁﬁég f}é@rﬁ(’it%{}tla\mellffott]&e E“Hgl%d?@ioﬁg regi on
associ at e&swc’caﬁ%%héh%%lwtwé 10Bh the me ofthepapntisharedildntbabasdl | 11 is
decreased. [00541 The control voltages are applied to the respective

el ectrode$ods@A to 10H at the 10 respective timings illustrated in FIG 1.

FIE 1 (5) oot . SO dest a0 SRUTo b ok
the"nddi ¢ Sipeeihs bl MR eid B 0 é@ R %g“’sscﬁ?ro&? ST e RleF g
space. Th e%%ﬂf’ﬁ‘t 8F°‘i‘"§ the slorleignals (IHG- |1 (Bhthopi sjeiaes Bilicesive pbthedight 4, and
i nverts i prigstiopand dbeio lighteraepliediomrthe Helt peitiingsdaset tothetthezeper i od of
t he cl ocksmsicgnalhe(dohetet Gep@hidealid tipelight rajtctidneostrolknis LONM inviis the

il lustrat &Qphﬂ@a{cﬁﬁﬁﬁ‘é a%k@i@%%méd@rﬁﬂ%a@&ﬁ% ol IQEQIOH Recld @bk sl?éx{%ll &gkl on

T R P B T

the no Ii %ﬁﬁer 5 @séﬁgBﬁPfﬁéﬁﬂf% Eanl malding tthé‘rgghPrWeé?Hg? ﬁgrwdrﬁ%d the no

pr edet er nfiHEP petti@Period ydich hawetthe sewe dinstei dhevoled thetizbdpmwfectine cl ock
si gnal , brariodeynd2Bbeo siehextopdtion pet ¢aat ledvy diff@0mblkngths. THeG. 1 (c) to ()
shows r espegstemBiné@lpbAgisviat lialiteans tRE eikh&oml g@ﬂbﬂ oflgR IR si%ﬂai—%t m-g}e

vol tage ofe doNRtedl HpFdp288140 has two |evels. (upper level) of the two
|l evel s 25 indicates a state in which the control voltage is applied to the

el ectrode[ 10,, and the other (lower level) of the two levels indicates a
state i n @¥%h no control voltage is applied to the el ectrode 10. In other
words, the stdfel (ohtafil Slowsaespertiveotoltagt vaxjetiors dphd ¢ledrddes tihA telleHt r ode 10
I's consi ddreadltage éf tht aleetrbde YMh&StvdIvdIEl QD@NEBpMOLTADSF ths tRPRIVeRD t0 the

el ectopodgndifa i codtr olbEo r | tage
el ectpod éﬁtéﬁéafstan@ i AHERYAL colerdi O egaga R P olebs &eom Rhoyeltage,

i Grel ? veﬁ of ﬁ{e] tg‘v%qu;ell e1 ca e é’}lc}b ) i
o the chang Stélé ei‘s‘r"t Bt e 'bF ‘f é{P ﬁédj acent
el ect r od&8PHS 1i"st g8 eé‘&?f"é‘ﬂlq o Ipethargrards thesitto e hish ng gomterlorltegeisc] ock
si gnal . Epplieskiaribe electipdnlQ lveonsidoied gk grisdte imahich the eefasmey votagkGs MHz, t he
ti me int epyidd thitheralgctradeeld @StimkAntelexl [INeBan thesiade iette, cohhl8l $dltige
i ntesyal offénd & tﬁ@ﬂzﬁl’@f‘édjadzeﬂf bREtroddsN® drithEe1R&dfd IEA tb 5013§§ﬁ4eec@1,taﬁ S UC h

that thegt ﬁie%ﬁ oI &o@g go G NS zrn-ed(ad]aceht F]ﬁctr log%lgﬁe%r (#9 is

shorter thap er| d gl fsﬁ fl ect rodes
10 are u§}é°d" elrﬁ thang P?‘f ) & the clogh sigapl: o o expumplenghemherclogk stgnaj o
sel ect edhaye fregtency 5f 10 ¥Hz, shetimetipteryaldi May have 1 ns. In the present

embodiment, the time interval T1 is constant. Further, the time period T1 is

35  selected such that the total of the time intervals T1 (i.e., a transition period T2) is
shorter than the period TO. For example, since the five transfer electrodes 10 are
used in 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 Th and

45 the no light projection period Td which have the same length as the eightfold period (8
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40[ 00561 According to the above operation, the transition period T2 froma
state in which the electric charges 12 are accunulated in the potenti al
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 45the no
light proj “ekD iop therdack seRRY andlithe traagision perieh kR iy Eiogtek than enrepasiod kG o) d

peri od (8 thé cId€h) sighalt has alreakt, aimesdpartafidadhhe the Hplst grojesti@epéridd TRahd
shorter thaOn®NEhPBbjeeHon F218d T LhOEHKd F6: AR movide st S8R blectr dMBdespart of

each of thglig nﬂﬁ%&c&'tﬂgeﬁg{ric o) %gle% and the no light projection period

Td can_be used novenent el ectric charges 12 but accunul ation
of the’el ictrl c charges 5 [00571 As mentioned in the above, a proportion
of the tr {ion period T2 to the light projection period Tb and a
proportion of At hentivankinttheabper b @dopb2tidroofithe tiamsitiogiveripd GRecthongiper i od Td
are reduceesjecthanefied &b anll a Fropssish bF ﬁlettQa rijderd Ranehstizhi ¢ 10char ges
12 WLh BKeh Bribh @eatE % dhed N THRAL &@tft@é ble thlackiinbidee R RAL! Of
thellghtg eg# otgong)elo %W :g ﬁﬁj glﬁiontperlot d. That
is, itlis pao gt %i‘é?‘f%? gt A pf’?f’“f YRY gh S ERSTBTIRAEYC
Consequenfigjt Prloﬁc‘é‘bth??%&it Th pndythe) jo lig t@ﬁ"l@mé’Pé’el“ﬁ Td; n@hﬁhltse‘ﬁ%Possfli’kf or
changi ng tdeeréomt ipmsigingolith glee hightshesibitigins iGoneeyuestly,.ad cd@trast tsynchr oni zed
with the eitealonsiignalhe tihe iapedtT 10br RGQIneaHe kbghdl vihagCRSHatdarkRion
r?’la)_;albm pgpém 'ﬁ@-i%%yﬁ@fﬁ?ﬂltezefcvu%nﬁe r@io@%%{gh&l M@t%@r&gﬁe@hgﬂﬁ si tuat' on

pr oj eggzu on(!ﬂ:%%%’ry (Pp Etammgt eg&h F Iélﬁ{ér(ljt flt%b%ﬁ mf(fgar g glbeog\})é)v%aetlrl%l 1on, the
time int e?\?g Brygfitonderig Pé‘@‘été‘bﬁﬂ%ﬁt?r@e@ & el ect r ode
10 is kepl’ef&@ﬁ%‘t%ﬁltbetﬁ}lorqqeeéppl i ed voltage control unit 5. Consequently,

the time interval Ti between a timng at which applying the control voltage
to the elposglode 10F is termnated in a state vvhere t he control vol t ages

glro §| ;lszgg' ted tQ tgbg?grvg% r%lttfo}{ethgltﬁﬁé LER@L% I%PFOI- %&n n@m& 49 at Swgihgh
sane | eng?f%?§§§?ﬁ’é’ ?cﬁ@\éfe r]fbéggﬁﬁt cqps ﬁ%ﬁr}k@ﬁ %i' gﬁt”%’i? I'é plying the
control Votsageently, thedine srervelEl betrvees atfélmﬁgrﬁétv\é}tich aPrlyiggdbecanitale t he
control voltaagbsthartecappé Leld it termhmtedkinpeghioehak bt roded vibiyeande 10E and a
timng atapplied bo @epbided@vd fcteéslrl N10E awal 1083 A0k /laGEEK Qgﬁy&&@hb S

}:lereg'ﬂ@i-t gﬁntrgpvo[ltggé 901-the electroygqa é Le?mlﬁa{%e& Hgs %esraﬂ;e' lgﬁﬁh' EH?E %hgﬁ d: Rg

the el ectnrlleéval1 eéwgetnaglm“ég | ]fcgrapgg'&m §P?tﬁ&1‘f gggf; t&‘terelle€9ré’ﬁ3r ges in

the phot J9B& *irr“%}éatﬁér“ﬂ a siiie Wé’éFﬁ the|copgpk vodlagesapie appped kythe respective
electrodes 10D and 10E and a timing at which applying the control voltage to the

electrode 10D is terminated.
30
[0059]

Meanwhile, in the operations illustrated in FIGS. 1 and 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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35sinul taneously to all the electrodes 10 for form ng the potential well
functioning as the photosensitive part. In other words, during the tinme of
a transition froma 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 H for accunulating electric charg the control voltages
are applied siThalcenfieawiimas expkiined hedow exebsadoplas) asctr suewla of theot e 40t hat |
to facili tappbedoditagelcomioltungt & cnifigotedviolabalyehe appldleditdgestth ehe &Sﬁ(&ﬁivbve

el ect r odes]ekOroddED £OMRE ﬁwrem%ﬁ&ﬁaslms bqnaﬁ@bdn@guiaqmmﬁu@dr%aﬁw@@ in

order in tg rIdg’B%EELt %E? 1RG0 cbils gﬂ% pﬂlé v$1P£ge%Bx“r‘tr atiAnse ?’E}L a]'s iAgd

Zgl[ggeétlh%smﬂgt%{“? is R B {5 pd F 3§ NOT i gtd ehriopa° d88Bt et as an

exanpl e ofelansatapdnitkeiripg pecldtor dhtthe NQihsates2Z aiefcopgadsl eiecudai suchhe
control vohitagesas antilygutriesp@at condedbe td 2r0oepui @ratindl b€aadtbe e méhkironed
timngs. beillfer 20w WeatdseiNatibA UStrated in FIG 5, aring oscillator 21
is used to construct the applied voltage control unit 5. The ring

50sci Ilbat 6%& is constituted by t he odd nunber of NOT gates 22 serving as
del ay ele In the ring oscillator 21, the NOT gates 22 are connected
circularly suhshomtingfg- ﬁg§) tordd} dheNQlegdte FaI0utRh & cedangdanmatut put

ternmi nal eignanerhérl. toPdewhichgs dslayéd fmomrandfpstrgw! settfe- NOTidakat2 bna

10[ 00611 time diffé@nedidesitidal td-tHa tife (BprvaDT{ ddrreshbediNglo géthe tide duhput s a
rect angul NOMBMUE 281 OWath ceﬁtrgumg$he Eshtrdtholhle BphSeddi®l Y B o frb QW @,y NPUL

Si gna #eh& tﬁleolb(g% gctgg QXI' a e S1g rﬂs BE%I’ g? 1915,@%%&%16%%' t(%evl}}e ttnlnge
|nterval [ {e{f?ﬂﬁ p ng% VéiY glil Z e? Vi h

control | i H§*TA oy hesgairohpyiasese tc}j‘etrﬁsé’e%qwé’c febtpdes 16 than thes yse of
t he abovep?rélsitférﬁbwla? siened- sPepransensly, the Bansitien perigsloEZ t4s1 kee shortsedt en t he
time interval Ti for changing the control voltages of the respective

el ectrodefodd than the period of the cl ock si gnal _ Consequent | y, t he

tr ansﬂ!()t ion pﬁg sﬂgs Igls%ﬁfgﬁrf%%ghaﬁgﬂ eO%%gan%gg?%&aqg%gnﬁfs ogessary to

?¥252¥8?LZ%{1% CobSCLEHa FhoiB eﬁ%ﬁ angy ﬁe"??é’reaﬁgé‘&%%igg ook signal .

the cl ockSY&FRyR 1288911% thp slycls signpl kit e ring qssi ]é‘&ﬂ?ﬁérléﬂowaﬂﬁdt"%@l eock
si gnal oulqelitsisdl puntpattet éronl delclgbrenatiion unitid by3a biyase colvpseseoupanbson
unit 15. Ano@phpebm the FhhfecopliasBot AARAGIS Q8kdUBt hdjhbrinStHesRhyf ke ddj USti ng
the del ayeath UPth@fN@’?%Qtegf22t h@orNQa_u&RI %n%ﬁad @H&%ﬂﬁ@%ﬁéﬁ 1t \%l&z@ f34] usting
time WhICh gl?re I%?to r thre§gl ottﬁagl

% \ § Bypgn “6 e SYEH TR ‘\Egrﬁpt from

Lithbe £ 3K
control ling & eurre

the phasé? Elwuﬁmft rqm the phasgspuparipqpeuyt 1918 deipy gapeoizhe

adj usted.gagﬂ%@@@@lusted In the illustrated instance, only one part of the
outputs of the NOT gates 22 is used. However, the outputs of the renaining
NOT gat ego@kd]can be available. Wth regard to the NOT gates 22 connected to

gﬁfgu?: Qgr f hﬁ‘ﬁle 1Hh9tlﬂ£t98{{61th§cef gx?lnt n'e\lgr rtQ) }?e ou%p@:f Qg}ﬁﬁb@d a%%s 2% 1s0 f the
front NOP®Gat g}‘?‘?"f’%ltﬁ%o“tpﬁg %&g‘bmm?ﬁ“&gﬁg egétes éva 1? £ se\éhtgf ter an

el apse ofedane tathe NAEmricsRdonnscigd to apeh othsrethe atput Wéﬂtﬁﬁf‘mrtN@T gatfe rear
NOT gat e 222s ingkited ahd éyouwdputeédafrem the rédreNORIghtep2B. 1 dheofforehehsagtiar e wave
si gnal outifpuit bEhefFAMNGE ghtetR MBS ith aa@m 3lshe WeANNOT dafe 821 6iBePattdrTe

rel ationgpiefapks oPR3 %&-&kﬁemoﬂ eﬁmlﬁut t% tﬂLt sﬂagmftﬁmtf NG9 Rkpr 22 and

t he rear e to use
BT the BhERIRANER AR ARt he il til e S35 AL BT PIREERe. i i ngs
of appl y’f"fﬁ@l the ginggpeiflgtordt  ¥gesutine ¢ %Pé’@trﬁ]@@’@% if @3 Poprithde toa}sp théie NOT
gat es 22ow¢tantdd the bdneNOd sty 82 pnd tXOG4; NOiRgate @2angubdnllnavim ghgnal Si

out put t edofdspinié p&sstbilaeh ©8Gill thatotpudd of theirBpettiedNOT gates 22 for

controlling the timings of applying 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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into a reference pul se generation unit 23, and then, as showm in FIG 6
(e), areference timng signal 85 which has a |ow | evel during a period
having the sane | ength as one period TO of the clock signal in the |ight
projection period Tb and the no light projection period Td (see FIG 6 (j))
is generated. To generate the control voI t ages Sapplied to the respective
el ect r odedntPa refqrangedipdsergengrationtiaiida and Waneasshpval ip HE. 6de)o4 referange ri ng
osci | | at ortizibgaiphat 8% whetharaaraclewtlée vl dgmﬁg gmpatioSbadng thengauid ledgtihrtsondat a

| at ches ( Refibdl wofok RSYocR4ignhin ) HEMRAE pRfiectiBs pdAbaTh ahe BESnSH#t0 be provi ded
is corr es%%}gé Cf[e?lozl% (Qé’é% 6(:({)) 1ts gneqjj F (Eit J @gggnejrgte t‘ﬂe ant?amgftgl led. In
a ég

t he pr sen n es are t he ei ght
el ectr de?pﬁg tto %‘ﬁéesfﬁ‘af‘?fei?c&‘?aest f(?nﬂitﬁeg‘éematlﬂlélgég ARsat ‘é{ ea?%’?ﬁs@ Aare
necessar y S4ofoiB5rng oscillafpre2 k axfdetheyeferaricaitingng Flgﬁﬁll Sarejigpytisgintedatant o a
dat a t er nilatehesODdlip tfles)Pdt a Thahambadof thadatahletches 24 spengionged &ct angul ar
wave si gnabrrépdndig 2¢hd SurhBRWE tiRMe1b At 13 BEbOGHRtHIIBNAl InGhe bRGeAat @ | atch

24. The d@ﬁl@o&l%ﬁp s?nAf:e'tﬁe dtt 'vsilgaéegta?eba ;ﬂﬁq t& Wieoélé}?t elé&&?’%@?o QHEI{%Ut

ter m D at e rise in

rect angul gl}ff\ﬁ%n\;ém&nﬁ?f% fétggt%ﬁgcge;]ﬁg?@fﬁf%ssags shown in FIG 6 (0 to (W
the outputs S6 to 88 of the respective data |atches 24 have the same
wavef or m §966he reference timing signal 85 and are considered to be del ay
si gnal s of t heha efereraen2@tsigian§s sd Gpatted to ARRtLRIrayndliDES the data

cor r espongitiiged, @nd thd 8B rdbbiEhE RGEREIMEEN el r%laﬁ @ztt%rw L@ﬁlpmx& igbgnal Si
and t raﬁ 12081 3k f}Wal%% %atglpéf (frh &a?a ?Lah %L 1soa61%mg 1a cfé,r d r t | mngs of

appl yi ng |h t he
light pr o{%‘@ﬁ“o‘ﬁ‘tb‘étrtleﬁ‘amf‘ AR ERRAEQ t}i?r‘ffé? tegmipgl rl‘bf eotfmﬁﬁ ’ﬁ‘gmf3 he
control visctaageler save fignab§gde Sk e Thieeafereogeshorm ind lGh 8 do (K tﬂilte proj ection

peri od Tdoutbmts\H6ew S8aff thdiespedtive dataclatchan 24 hpud thei sgﬁﬂlwatv@fdrh&scdhec Kk

telr m nal @ferbh®@ tdaing didiat B85 2thdf 410 Wi rb €64 @éﬁwiuaélgmy@fﬁieg@&l@c‘éZ t0d54 a

sel ecfy on; a [ : ; o ined as a
Clgi on; ﬁh@”@é 5?5'5 %égélg%?%% c&f}@sp%ﬁb%g% Q1 n?%? %Eb%ﬁer gj‘%fé i on

I whi
signal which 0{{3}) tfﬁatafl?&ﬁfwﬁ}?%flgﬁ‘l g%topg‘h od Tb and the no

si gnal ( se%talp—’? ga(%/)g])gn

| i ght proH ection period Td. In other words, necessary two signals of the
rect angull@p66lave signals 52 to 54 out putted fromthe ring oscillator 21 are

given to theTheloeddrof tidbn@sSoflappliiisy thaRenRBEyoMagéd 1R the eapSaive dideroabgnal s
i nputgsed jignhQnd thtsﬁhj%{%&&{ &50& Bh fseile@[cfgeegrda;o@ﬁm re,%pa@mng{}ﬁeé PGt or 25

b d
e g rh? 86 Tebhiproiosiah PRACE Mlosk BeF ect or 25

rect angul %vaseiO ¢ resg?‘:%wgfﬁaﬁ?fa ‘?534

in FIG hFﬁéOrS f’%?ﬁb‘u&P&P S%@é%b@ﬂ&?k @zmrf&é of the datnlaiehet frrm tef f er ence

bet ween |rt3<§é11§ulamﬁal'én%gma§€Samgﬁﬂaar selepfion siapabPEL $h garseateflor Tiyesedectibbng t he
signal SEL is defined as a signal which is delayed by appropriate time from the light

30  projection signal (see FIG. 6 (j)) defining the light projection period Tb and the no
light projection period Td. In other words, necessary two signals of the rectangular
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
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40 reference timng signal 55. The rectangul ar wave signal 54 has the

maxi mumtinme difference between itself and the rectangul ar wave signal Si.
Further, the rectangul ar wave signal having the second smallest tine

di fference between itself and the rectangul ar wave signal Si and the
rectangul ar wave signal having the second greatest tine difference between
i tsel f andhELs SERRAKAr Favaageakiyrnd theiregprsula vipya tieerliS% o Thae next

sel ect or 28ctafhrdadonrmogtal Sd| lesttbe m25imem emabdifdrance balveeh itecléand tlom t he
rect angul atctwagidaswenadigHd SANAThE CeckBGLARGH VA lsidhaV 82 SAYRR! mBRmul '8me

rectangul amuee RONA ik AL RRURKIIMI LI, ¢ er ence between i t sel f

and the rectangul ar wave signa e rectangul ar wave signal 82 has the
mninmumtime difference between itself and the rectangul ar wave signals Sl.
5 [00681 [0068 Accor di ng to such a conbination of inputs to the respective
sel ect ors 25, Aptordisg poswhlsl @ntbonagvand éndute tothd eespettitchelacent gt liar wave
signal s 83odstbl&do ¢Hapué tiethri it 6f thé eectd @lkartvelvdisitilats S tof SLinhAHRE Chth (Re dat a
the. gt anm oo Hindls of 1€ rEmeREly @ita SGRR 20Tk et DPOR S RStioh ISR oC st
sel ect? gr % éjlgt%gd RE os\’/(%r?gjcs}]te rggtlag%%glf WaKE° Sl%@%&%ﬁndt% Sé‘b”r’i‘%eeétlf’g?near‘ﬂél ation

i s desi gn8P§iRRophialectHe? £ dewpmettgielestr 28 Hawewswiitsennessioact or 25
out put t heelefiiqrf isdepgnedsuchrigat e unavet silepterd 25 B thadoBamoThe lestari A5ar

concept i sutppptliegtifftient hetapnhectdvenignalssdd anl 1. the sohhier caebgators 25. 15

f 00691  applibaQo BEXdonBERIANRLALRA of Sedthé NG 1deldeS25.7 and 8 is nmade to an
exanplg of the driving device of the present enbodinment. The driving device
is used ffs% glri ving the charge-coupl ed device including the Iine of the

el ectrode § (10A to 10J) as 20illustrated in FIG 2. The electrode 10A is
used as the Haiediertemleratindelerting EIGR0] aih§ issnade foqeyxaimmle piihai ng t he

hol di ng régviogd¢fita efithy ot moemisgliom)t. f The deiginguleaick nguddddord@ihtithe char ges
12 gener athaézd-dduplea (ﬂebﬁhich(ﬁjl@ﬂ{é 104 JIehRé QldctI&ieétlelél\lt(pﬁfJ) @d in FIG 8
(D)) -2oThaneleelei derdOLL 11 ieeda@ 30 Reulidl JROnALARI A OARAL3EGINd hol ding
el ectrodse) ;f.0r e{eotrrgra qgortfglemll?lol HI gl regi on Qﬁ%ﬁ@” . hol di rrlxg region) for
25accumul 5L G CRECL do form gﬁa?g dingyregione PEY BG'AE YR AE™ { ght  proj ecti on
period TA(iRRIAERE thepledyicichargesl2 gegaypied ip fhe h@tmrgﬁt:tmmref&g'ﬂbﬁ peri od
Tb, the pefiod iel'1(g|8dbbr olksele@Bodeol OFTS vsed as 8tk laddinkeldcimde GEcdnde

transf er heldiag slockesde) Fatrfotigihg thdRol@lngGlpiod€setid hadmgadzian) fhe barrier

el ectosod@ctRhulhfhFtnDelb8ic RREEBE 1 2ke RALIHER tEPKo Hé}%\b%&felt;ﬂi'&l bdiggerectric

oy S b mepstar S i R T 0

Orl |

t he seco region. I I on the set of
the el ectfGdaLesy _ftool%?dﬁ;uﬁ 3sthg Lipg of Hee q”?ﬁﬁelbﬁ‘le‘itﬁéleﬁ-rpa%%@r» ect r odes.
Furt her, elegodqd BRG isowed poBh¢ banrivs dlegtrodhfor faning thegyasentiadderfiorfof or m ng t he
pot ent i alprdvantingthd dectpr ehgbs h2jgédeeatet éc thid KelthasjgesonlZrgdrEy b@d i n t he
no | sght fipwaigtiatd e P&dad1difs FeQ8m. T IRwho o li?ktopﬁoﬁ@ﬁ&ﬂ ptiod"4 dhBGet’ £9i ON.
The el eCEH&(QQCtJ(%\LS IléC léé? ?Sgu&ﬁhag)%%llg iﬁg& IO 0 eg %ls?e%teﬁe%gr%disirg I'Iu?"hleg gth%)Ut t he

el ectric charge 2 stored 1.n t. |an region. . € el'ectrode 10J
i s used 8§Ct§%_e§q1%]§c“csf"ﬁas eelif"trFIB{ElﬁleftS?(}e; k %5‘1‘%1@9199386%1 PFIeE ¥har ges 12
stored i AFYRRtRBETAeHEF ehatges Bysaratpdoydie no light projection period Td from

flowing into the first holding region. The electrode 101 is used as an extracting

35 electrode for taking out the electric charges 12 stored in the first holding region. The
electrode 10d 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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40The 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. [00711 45The applied voltage

control unit 5 is configured to performthe transfer process of

controlling the charge-coupled device to transfer the electric charges 12.

The t r ansfOFOPFOLRE e dharsraeyried deyipe ta transdersibe elesirifcdassesd@- t Kee second

transfer prosvésorodesdizrludsTte fapptraesferplotagand o sabnditiahsr percésr ns t he

first transfer process in the |ight projection period Th. The applied

vol tage cgpyropl unit 5 is configured to, in the fi rst transfer process,

switch.the volya edtothetr ns 0 fromthe coptrol

vol tagé to thghrgP%lre@néﬁeta%e PARERL P SRS ’fsﬁ ratInis 5 PTURY lflttﬁ‘éﬁéﬂﬁctrode

10F) to t R&Jedtogmgriedd ¢ Kae ap te@rvﬁﬁégq%froéﬂn{tﬁés Ferigustd tonin thedirst er

el ect r ode$rapefer proct & swidblathedvotinge hepledde khesirgnebr dectasletl® fromnlsd er t he

el ectric chargesitige toaht hefehakdidlggt egbaRr €O ©S IR TN thdelbbt@odel 103D

hol di ng()ﬁ%@ﬁ{e%@&%dﬂ&ﬁ (t}{eoe,qgéz}odyl@Bﬁ%th Bilo YPIHANE SAULRIAEDI OB 7, AR OF T8
S

appl i gg vof\t Ldans gn ok & ?%g %aﬁto transfgf %‘heu(?l«gc rl{zo A Iges H] tshggx(giﬁgn% Feghqsnf er

process, §W?s ﬂn H%B‘?ﬁ%? S‘é pfings! et%mfl‘ﬁg Oy ansfer electrode 10 fromthe

control voltage to the reference voltage in order fromthe second end (the

el ectrodeloD@8) to the first end (the electrode 106G of the line of the

transfer el ecruogigsied 961tdL bAsoba@SES p@ffoﬁxﬂ@t}fél 060 dStr ARy 38cAS 1ﬂ Qletr{danSf er

th tf ey t heo ) i, d
hofdf%ﬁce{%}&;ﬁbﬁE%ﬁe}%d’ﬂi B AL AR S0 %%ﬁsmgh@ t g' umetsgcon
ol udes £ PSRBT PR TIG WIdioge APPUTHY 'BF Fari: sBpogsig

The cont r Rt reltise to Ly e#”%‘i?f‘if’&ﬁg‘éﬂl Qréeltff@‘&ttée gecdpd ondhs |e§m‘a10d@lef i ned as
a bi nary K@rakthadnst agd &he elestrodeal (@ of bhaghind eftbk fraguatbr aleseodnfsdm(aﬂoue (I ow
| evel ) foroGebased @heké cloclesiihhlands editaubfet iR Q6@AE ekhrdéd V2 ROhS HINBhg

Al termat | weloteolbGohlialio VAL e RRYEBASi MR L Her ow Tevel and the Second

val ue nay efine the high |evel 1 The driving circuit 280 includes
pl ural b&%gs 28 (28A to 28J) respectlvely associated with the plural
electrod (bOA to 10J). The driver 28 is configured to,

The applied voltage control unit 5 includes a control circuit 250 and a driving

circuit 280.
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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35while 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 associ ated
el ectrode 10. Consequently, the driving circuit 280 is configured to, upon
receiving the driving signal fromthe control circuit 250, apply the
control voﬁ‘/t“atjen%tltlher%llﬂe@b?t?df@m;oerla@gwt JekBed dyiving signal gererpiien cidelivi ng
40si gnal @%énandredrieiogicomuoldiicviti2§2si gnal has the first value, and apply
the reference voltage to the el ectrode 10 associated with the received
driving sijgfg) when the received driving signal has the second val ue.

[00771 45The ntroI Cir. i,ncl.ud he deIa CIrCUIt
osci | 1 t or 2?8 fHaY & ﬁ?%ﬁpﬁﬁEF8W3%$F§§|£ g 5@#§H§“ﬁ£§t Iyg g
driving sit é‘h%ﬂSﬂ’g’énét faged i IFlGu 7t theslelaygivquid 2d s Wnﬁgtlﬁé‘nb}’ e Ellur‘@w t 252,

[ 00781 5TAEO Hedtay (iovercarst 22tavimethedesetdebypime &l dHedyOElgetre2tis connect ed
circul ar | onflguréd® delst agigRall rebdieddriat @dsthft finG.(ddlay tibR tdBhAY oiphEtid 21 'S

consti t ut gekulint Bl ur@thel\t%agéet BRstrh (AU Gh ms% tﬁgmttg\els aéopél el ay
time 61 I}pe nin (?1'a etes J)COo{e q ure df)Ptthﬁe (?%gati Z%F S%Ie ﬁ |suc Qil(%

constant tine.

i nstance PPPER &tt rtoﬁngﬂé ring O%CH@“P” ?rfgl%%%’tttcf‘]attodhe qul?che;ﬁ theslocho t he ni ne
NOT gat essigpal. THae gediligfioni neeiotl & afthe e Netllafar 81 Rexpsessed ecTetR Sucttdt hat an
osci | | at i eheypén haadicfted tte munigros tid N@TertedR2l s i dentical to the period of
the clock signal. The oscillation period T of the ring oscillator 21 is
expregsedi@goll = 2 * n * td, wherein n indicates the nunber of the NOT

gates 22. 15? 079] Th oscillator .21 genera timng S|gnals dl
o ds. The 11T & rsgHlero E}%%eéletféfsai SIS £ I ¥y ST B onty 2
* td. The %tSrﬁeH’ge%if@ﬁathedsntng sgisphgbly pR6R Tie (Thaitivgingisigmal d3® by only 2 *
td. The tdealdyed fxingthed tining Sgwid ld2ybe oty Dintd.helHei tihing Sgghdlt iddelbgedonl y 2 *
td. The tfrofhnbe th@nabicad dshydglipgedd! r'ome fiken2QEhATid3ds 3l frofh thy only 2 *

td. %nset%ﬁfyél alha% %ﬁiyaél* @d r jcl§ thlg feia L!ZE].’%glt i9&H ;e%l tBl ur al
timng SI %gra%e il"ural, tim ng) mgnail? %ﬁ(()&; §§)5&€i %yeg c}]ﬁlf gire[eggteirg’;g Hé%

f oosol sync Foni Zat 1°on one (the
timng 253|gnal dl) of the plural timng S|gnals (dl to db) vvlth the cl ock
si gnal . ABO%0lresult, the timng signals dl to d5 as shown in FIG 8 (c) to
(g) are obt allhedyndhioripeidnGicances is beiguiré fol SpnchronizB@né (1B6 kingingnal 1s

QUi vl Cilprad VT thd AR (ShaRVertls (00T Theattl étil%ﬂ Shg0gbsgener ation
ri.vi nal s D
Tt rlgﬁg‘gmft%‘c‘fo 10G.

f'or ([:)gl f‘eiﬁémhﬁ ﬁ Ilétlglérl%g d% agﬁnv?%taf{ﬁlé @]egjoto%g (asrle)%%tal
As |IIustSB%t‘t’IéHl ﬁﬁ@eéogt%nadﬁm%&%t ghe tjares gerdhflli rcuit 251

i ncludes the plural (six) selectors 25 (25A to 25F), the plural (four) data
| at ches 20D81P4A to 24D), the reference pul se generation unit 23, and a

sSW t ghi ng ci TEeUHﬁvi%@%ignaI 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 Tb 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
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55 [0082] The reference pul se generation unit 23 is configured to
output a reference timng signal Rl based on the timng signal dl. As shown
in FIG 8 (h), the reference timng signal RL has the second val ue (Il ow

| evel) during time corresponding to one period of 40the timng signal dl in
the |ight prol ection period Tb and the no light projection period Td. In

ot her wor d@lue frw Jexeld prlydaring the imeingriaf bringAke paree fength asenewericdiogh

| evel ) unltesséintihgsighaiedlperi od having the sanme | ength as the sevenfold
period of the timng signal dl elapses fromthe start of the |ight

proj ectionogey)i od Th or the no Ilght prol ection perlod Td. After a | apse of

the t h th t he. 45 | d d of th
i ngsi gnal 18 U P ERRE Pl € Fypetick S RN RSB hginedt ue (1 o

timng”si

| evel ) onﬁ&gm{?w Loy atlpe I?Vieh*@ 986 selecthn ﬁgreﬁmlss srestragigens emshe period of
the tim ngryimgnantmd] cirquOB®} TFhethgmithe b nchiog ricedit 25568 cosfigond tgurtedt t o
provi de aaairtiendifgal HQYNAL shavh RIFEG. )9 thd Riteibr Sikndl RDW ds6d &)r apply@@Lh

sel ector 2B jdlekRSRRINS! H f; I cuit
252. iyt gy The s R R R A A

si gnal R2. “'A$" shown in FIG 8 (i), the barrier signal R2 is used for

appl y| ng the reference voltage to the el ectrode 10, and is al ways kept at
the seconé0084] ue (low 10l evel ). [0084] The selector 25 has a first input
termnal, a sBoosedtdalithdser fidsnilput achiam, auvéqpud itpittemainal, lpdanr ecei ving a

hi gh- | EVebut@hQE@lmnatlheUﬁ&ll BLhbRingZPh RUIPH Sign¥], hd REeclBUH RpudseriRRal . a
Si gna 51 n h? r}ﬂlﬁalt% g'Ihl:llrlﬁ uﬂtgw% til ?ét'} ut tyﬂgﬂla[ e(’\bg;%o\fll 1@991% %%Wl evel

Si gna ecto Vi a i nputted
Vo the sBECREL . FRPTIFa 25 SEufs maﬁ 2 Splpitkrerminelsa siggt PERUPHER | he
first inpthe seemdiinayt srmied SHiedimine Smml danginpreted infpihe ajnwutdz is
~inputted femninalbétlweratbri2apuind grertimalg stfnal H2 isi@pettbd int35ke séEhwed t i mi ng

si gnal d2inipst tetpiifidled thedelctdr@5Al I The Z@iiAPHgnhEINisRddutefd betrealget or 25B,

§2|def: %bgr tf'él Bﬂ&%ﬁﬁ&ngk g%f»sgie%tar@@gt L&fi% He'tj Iﬂlgg@g%@ﬁgn&nw&% tggﬁa gg't egf . he
the out putt vsr i Fer B OE hhe ec Or22Pch Eﬁf?le%tﬁlgégs%fe%%@ i Hﬁfultn Per ni nal

recei vi ng eflﬁélals&?‘%qeé‘}edﬁ &?f‘a‘rutli‘ll@te“éﬁkflﬂféf the fptgtlatch2dDn e sesonfb@PEl to t he
driver 28Brmiffadrereivins v basirthagnal 2, find the quiput termmyl painecedrtetched to t he
out put 25dréwemi2BBl Thotelédi@r Z51) Rad b dirstZAbut tdiMisd eomibetadutthd eitpunal

receiys NGeldfal §f 2 Fcﬁep@ﬁatléﬂ@h QQCSf}Q@@J:onB]ln andrhiien Qé&% " tR@l e Cconnect ed
to the driVver S? 3G R-[ ands& ecﬁrt t25Eme°‘conn &e& |t(g ?ﬁ[ g}:er,ﬂnal J.eceiving
the ref e;%% men lgt the nd | connec? Y to the
out put t 16 taEppal 5 %cewnzgzx ¢ fa%aeI{CHél%as 51¥Palc BlrfhRgecosdnnect ed
to the drlnwefrtezsmal mesféii ée therowBit thaminah & dfithe tataripich 236t endrtheal

recei vi ngutihe thaninabtonsegndko 2, driviee 28Bc Ohitk sehqetdr 25y hmisrtaé fiearneat ed to t he
out pub t eesmhidal reiOfngtthe bdatiad sigdat R224D.se@d ihp& REhiHAL cdBilcBicndb tixoNNect ed
to the dryj hyﬁft tgiqrﬁnal Q of the data latch 24D, and the output terminal connected to the

driver 28G.

[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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[ 00851 35As nentioned in the above, the data latch 24 is the Dflip-flop
including the output termnal Q the data termnal D, and the clock
termnal. 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 clock termnal connected to the output term nal of the selector
25A and trﬁél%yﬁflﬁﬁpn{Yéhﬁrﬂﬂlavt@%énn pifdetpningsisan] 4&r 28D Therefore, while
the switching signal has the high level, the data | atch 24A outputs the
reference [eogmal R del ayed by only the delay time (4 * td) of the timng
signal ds. Wiirke ahhea ARSE G R0 ofpb0RR 180 e A cheNEh e [ flAlR | At Ch
24A output.g tset'igct(r)regﬁggqp&&m n‘% RI. 8 aéﬁ: Y, gﬂlg.t e i,% time (2 *
td) of “the Limng &1 ghal é).ug‘[ ggppinal Q congecteqfp ke Ay 25 refpre: ¢l ock
ternm nal COHIEE eytelyng fignalhgsube highlerell thetdatnlatede? Ht oypusBe apfaranse

out put t esrenahR1 deleperhisceds thoddlhetidrei @ &rtdPgEhe Tienefignal d2nhiWleld the

SWi t chi ng ssitghiak shaal hdwethbilgh 1dveN eha d4theatdRRaBloatiis AABeQut idtsSorlall ® 1

ref er ence asf,gnahy Rl d6 aed s @alop (e, deliay kbR 2 + td) of the timing
si gnal;,d2. ile the swtching signal has the 'ow level, the data |atch 24B

out puts t 1&gk ference signal Rl delayed by only the delay tine (4 * td) of
the timn Oséﬁsgnal d3. 10 [008M The data |atch 24C has the clock term nal

recei vi ng t heTks datadatsh gAGIhad 4hereiock tlhemingd paseiving thertbhing sizyahdé ued theo t he
second i nputput ermimdlQ afnnbtted setlecieeind2nfut terminal $hieate@y 26 data | atch
24C out pulreschie Mt86 QLANA A4 Altp Jib Indaliax etk QynAM Vadiieabydehpdhet i me (6 *
td of {4 hedélhﬂ'% @'ﬂﬁ%ftﬂétixﬂigggi ﬁal{r(ﬂf data | atch 24D has the ¢l ock

i I e timng Sign

termnal receiving t al d5 and the output term nal Q connected
to the se ond] input termnal of the selector 25F. 20 Therefore, the data

| atch 24 0<9§?puts the reference signal Rl delayed by only the delay tine (8
* td) of the ThedatglagtlyR4D hdSthd AQSOprmiinel chebivinegthe diminglsighiat ¢bathd 22

Ouél pg;aj) t%gjérdﬁ ieVi'nﬁgiélg @fab%ed & tﬁlb%eé’o(ﬁaﬂﬁflfj wﬂﬁﬁﬁdbfr thBfs8leedr l(zgﬁA, 28H, 281,
an 8frOMnd q | Neyps, t proj ection
period Th gg}plti}nggs di)ﬁifgﬁft.é?o&@tﬁg perr?élcl)%f Tédﬂ{?ﬂg&éﬁry%\@?%é)h ontr ol
circuit 2 provi des tha ar ™A %lg%&f dﬁal having the first value (high Ievel)
to the drivers 28A and 28H respectively associated with the el ectrodes 10A

and 10H U88%las the hol di ng el ectrodes. Further, throughout the I|ight
proj ecti on pdheddividy @ntol fieculo252 outputs the driving signals to the respective

25 drivers 28 (284, 28H, 28I, and 28J) based on the clock signal. Namely, throughout
the light projection period Tb and the no light projection period Td, the driving control
circuit 252 provides the driving signal having the first value (high level) to the drivers
28A and 28H respectively associated with the electrodes 10A and 10H used as the
holding electrodes. Further, throughout the light projection period Tb and the no

30  light projection period Td, the driving control circuit 252 provides the driving signal
having the second value (low level) to the drivers 28I and 28J respectively associated
with the electrodes 101 and 10J used as the extracting electrodes.

[0091]

35 Additionally, the driving control circuit 252 controls the switching circuit 253
based on the clock signal from the clock generation unit 3. As shown in FIG. 8 (b),
the driving control circuit 252 controls the switching circuit 253 to output 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 (o), 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

_23_



30 light projection period Td, the driving control circuit 252 provides the
driving signal having the second value (low level) to the drivers 281 and
28J respectively associated with the el ectrodes 101 and 10J used as the
extracting electrodes. [0091] 35Additionally, the driving control circuit
252 controls the switching circuit 253 based on the clock signal fromthe
cl ock geneignel Ghe gafprence timingstignn Bldatased bg oply)6 * theuthttedrfgor dhe datia
circuit 232ch@aCriohsdtdsehs diiviogisignat D2cudsdeia2&Bwith theitlpetrodeh )G WiTthehi ng

si gnal havigigl (the rdfe@hcd B¥@lg digndla ddlHRE bPLAIYELt td) r@uaﬁfttéa@r&b th@fka

control s i, SMALERIAGGHL Ml g aiﬁscsgéo%%e&@& W nghehavi ng
the lo Ievelgﬂ ; Iggqjtg (%T(ﬁgag pelo

shown T Pl 8l [95e mnsiy SERGROTBiD) B et

si gnal (t%Ch@#%ﬂ%lﬁﬁ@éaﬁhw@vwgwlﬂﬁaw B tl@mqﬂyctsodelt% a‘@@putted
fromthe debmncatichn@dnadR Isisusetlaathetdreviny sighalPBagpahteDIvidsegeci ated with
the el ect eRdRodORF. FULkbeFried fighal Ri2dBabed 4B ek Bic@AGR DeHsBELifk@Rain Rl

del ayed byh@ag&roge *obd) outputted fromthe data latch 24C is used as the
drivi ng si gnal D2 associated with the electrode 10C. The signal (the
reference ti nLng signal 111 delayed by only 4 * td) outputted fromthe data
Latch 24Al9%93lised as the dri vi ng signal D3 associated with the el ectrode
10D. The 5si gating thedight beriertpe peirivil A, HiegutererRe vdbhgeyjiedpbledmithe2 * t d)
out put t edelbétostet 106, dad ahdrofheRle2di iifargaeld £8 pkdventhdi fvind Godirgniato H4

associ at eﬂol\‘i’lﬂgr}eélbﬁ c&rE&SLh@AE td O e1ddifodk A0S €CEID. 14NN ’?h@&‘ﬁlfmgjslénﬁl used

as the. dr hyi: |ate th the el ectr el arrier

si gna sz}isl&gel%lffg Irtlh ém r§ S| na?’t}f%p%?girmlﬁeag E{ %‘% }Fe trode
10G 10 [%@3551gna i %Veérféo o P%F’é&f‘ b § RGBT Rt B ence
vol t age |st‘ﬁppTh%@FlY1§gﬁ#%éabD%eﬁt¢@%b@d om thendriving AisnhkD3beke i ¢ char ges 12
are prevemedetefmed tinowi2rigtd) Nt Thet drévihg bighalgD t &gletayed drone spohiking sizaal he

el eCtrOdeDiBHtKeS}ﬁ%d&Jeﬁmm%d(tﬁﬂe) @ THe. dmewdmg& ed 160 xle§péé€:ilvélyed fromthe

drivigng Sél&:@ﬁn!dep% kh $0B)! I‘Rﬁ‘e La4 I’i‘b % (iZfro ttlgg conbe)?vamg\é & I g{]al D3

e o Y i effél? i a%szmtélsaﬂgfﬂ SR brightbe, %Otl e%w?ﬁws geﬁ%ﬁ i apgre @
rdemythaeledtendet he

pr edet er rirAhed frpp the centﬁ@i)voltarﬁ%t%rﬁlie\rﬁﬁsgew ypiégeepn of
driving ﬁ%‘rﬁ&lth@ﬁr%wnﬂhet@@dﬁt@edﬁﬁw the peof@erid bfikhe lithef Ul tragds appl i ed
to the reseestts/0A 20100, eqlctdR$lyl QF shdEin BIRP.4 B, (g hEe a-l@ﬁrﬁrcﬁal%\é/i;t ched
fromghe &%wlﬁmavm mas B@nhgpwél?fl?ﬁ%‘&ﬁte\ﬂosutﬂgﬁe a@cme§ 108461 0F e Pri ef,

the volta S8 control

Vol tage COTCHAPRpEDalcRunSp T AT SM Rt h pfy Pl Clbe doA U ips [ b
first end@ds ihpeleriacerutes 13 airpHErred fory MHing FoaopatPratcgivithe

t ransf er th¢ electretge)AI0A to 10F. Accordingly, as shown in FIG 4 (b) to (g),
the electric charges 2512 accunulated in the potential well 11 associ ated
wi thsbhe [@lgagtrodes 10B to 10F are collected in the potential well 11

aSSOCI at ed V\iﬁ &n?ﬁysyfd%?%gsil SEE %HF%I‘ ection per?(gtp'f& Y\lgli)gﬁﬂel‘tsli]e Ct r I c

charges 12 are trans 7 oc W th°t he
el ectr od&® th@@‘f’(‘fﬁ)‘%‘?ﬁgna 1 aslsﬂ‘”%t@at‘”flgég‘ %ﬁfoﬁg%ﬁ h‘ér }e‘f”glﬁ]?e proj ecti on
ppspriatpdswighahe D1

peri od Teeferemee Heing wignaliRjnigluspbas the drising signpkD
associ at eldctrpdenl@the Thleastgmad be 1@Brenkatinhieg sighhleR1 déleyenigeotly &i*ng) si gnal Rl
i's used astpubted GfolViHaglagh B 24X 4820 Gls 3h€ Brivink Ridn@ D8l B8EdIQ6E wiBGhe The
si gnal ( El@uecr(g(fef ﬁﬁfne{%e sllgtHaﬁ]Qh§ Qfgiaelnc El ﬁ!; @%ﬁgl IQYdQIQ o 0nl§f q)* EOUt pUt ted
I Lgm t hemgc Eﬁeé ?rom the céta fatcLilsg 1s use as {1e XI'IVI g s1 4 assoma%g(f w1 tﬂ Wi th
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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el ectrode 10D. The signal (the reference timng signal Rl del ayed by only 4
* td) outputted fromthe data latch 24B is used as the driving signal D4
associated with the el ectrode 10E. The signal (the reference tim ng signal
Rl delayed by only 6 * td) outputted fromthe data |atch 24C is used as the
driving signal D5 associated with the 40el ectrode 10F. The signal (the

r ef er ence °fachehgy 198 grid| thea theetlegpeel cliarseml 3/amg preeayedoferp dlopérg Mtethe he dat a
| at ch 24D hollinsegicascotieep whding toghes ekgmbdem)Aa®sa)EI(ht4e((d))vm The titieinglsépial ode
10G [ 009913 iPdelaped trb@ the dhivgfgtmé}fa@m%yitﬁgppﬂre.téiguﬂgﬂ, t1ﬁ1@@2 reder gnge vol t age

is appli e%rfvﬂ;glé‘gnal Pl4GE HERYG %S’ﬁ th?gﬂvﬂx QD39 % ke‘&e? Erge%lstn%% @gre
prevent ed . fro | nt d Adgg ﬁ Lon. ¢ 3) B?

el ect rode fs?A mfff e p)is %e Wlnﬁé gy :ﬂg yd&f ayed from the
driving swwrermn%ymmﬁé? dei['b? Aririeg stangbDE 2s delpypr, fr%éh@dwmagl@lagnm D4
i s del ayed5fhycire pr@iethmunenbtlmegzlaitd)DSquvtblt@epammddbrltheﬂe&dspethe (2 5% td).
The dri vi agcﬁ«b@salocl;)@m S108% 16y echdf T00M e ifdhid FrB@ thE 9hiakolR41thYe fohe
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t ranSfE)e r \% ttrh%% tr]’c (:Cf‘xatr s]'l%%d‘e ?{gﬁg}e@q‘?){h ?%Fﬁl%‘% &%ssomated4 W the

electric es ccu en associ a ed with
the el ect{j’ﬁc"fieg rf6 "10H are collected in the potential well 11 associ ated
with only the el ectrode 10H. In other 15words, the electric charges 12 are
transferrl®@9lo the hol ding regi on associated with the el ectrode 1011.

[ 00961 Cons&ques €4 u«a@tdwmgt dighdibNdragos b]@élﬁ’s 28ERRb M d8d €d EGldkdte 251 1S
confi I gur ec(ﬂe td?lvﬂ%]lzrérﬁ'}l@Dg Q% rg de\éh{;egy §§s%91%t%i R QQ éfgls{ig&}(%d\ég ll)f
e ase ont ura tlmng

associ at ed r.e

si gnal s ‘(ebc?f\,\q Ongg)pelu ]éni‘ f’r%élagc(bggo ‘S@gnal gener ati on un|t 26 illustrated
in FIG 10 (a) can be adopt ed as 25an alternative to the delay signal
generati dA09@it 26 including the ring oscillator 21 and the data | atches
24. I n this mMadidkiagaignahgerRuitior unioRé AQ8Sra0dd DUFTCENS (D7TatPaRA6HRE akN such a

'l ustr :?g;il%g%%ﬁgg't% gé*gﬁé%a’a%&eﬁaqﬁn'r‘%gt i"émic“ﬁl@ %tﬁ‘{%%%%ﬁ;% e three
tﬁt Hes 4 ft is mod1 catlon OIH RUt v €s.0 uf ers

el ect r odés é g’t
respect | V& SHiF # Branorasihows p HlEq 18 H 3¢ mep 1‘*@%&1&% ?19@“6’19? fl8r et thgl ect r odes
10. [009 @lustrated instance, to apply the control voltages to the respective three electrodes 10,

the three buffers are provided. The outputs of the respective buffers 27 are applied
30 to the respective different electrodes 10.

[0098]
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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As shown in FIG 9, the timng signal which the reference pul se generation
unit 23 generates by use of the clock signal outputted fromthe clock
generation unit 3 is 35inputted into the del ayed signal generation unit 26.
In a simlar manner as the reference timng signal S5 illustrated in FIG 6
(e), a signal having the low level only during the time period having the
same | engtthraghdhesigaleibyden+ nehequpwt of ithmeiddiehulfs 2Tdad’Gs 19 fd it i m ng
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out put of bPFf%f B pdronpRaveaty, ﬂcqrﬁmfgl tethipgoqfiguraigons dhg %Ppémfr@re the si gnal

passi ng tbhffem@‘? shheingi thg lsebdtaftialy @me Fhaiooutsphe oo utshfeomitbeetabuf f er 27
in FIG 1l0tahesi2t sbauhVAIFED!5 th e sUtginal. passing through the two buffers 27.
The output of the |ower buffer 27 in FIG 10 (a) is equivalent to a signal
passi pg thﬁ th the three buffers 27. As a result, the output of the mddle
buffer 27 1s gela yed fromthe output of the upper Sbuffer 27. ThF): out put of
the | ower bufflisrnanvely, thedglaged piepn) generabiop it 2 ax thavmiladile: B aray7.
Consequenbt gdorded orldithig armnghingnts olf dedasredtsigm] getreatden puit £6 findwdeshe buf f er s
27 showi nglurhlehusiebss Bhidiag inpus asrenin gk abnrotedIo bhch @bépuiThelbudoid e dat a

| at ches 2dawhdput tordiin®ls dnfidRePd QBLALREE1 td @BRLOAL dlfferent élﬁa@{t&%e!;ve' Yy,

t he d% ay@ge %Tglnﬂl Vgﬁ$§r %rf lc}%nre CEIV ?ﬁzl Illwltol (5]3 fl]eec%})ggﬂ on rray be

adopted. [n th nt Sl fit 26

i ncl udes pﬁsﬁ‘?cglve B%F{fg lge ﬁ*é?\?."ﬂ F‘ Oé’ﬁ gttéﬁfgﬂ%‘gg%’hr}&@t@ds Jc}téélélﬁ-‘yot her .
The buf f et §183al hya, B dititrencectavingmibs lenath sberder than dhafentithoperid ofithe C3

havi ng di cflqﬁcebirmnalcalpatblst(anﬁg@atlﬂzﬁmanneg ofi el in vbé sigg@lss délaybrewithsmect i ve
capaci t orincfehsd @ t63 capLitapR ifeHe tapalhter (ASPED) | VEnREBEL, W8 Ihd Belad¥SO Wi th

adoptdgng Jelt1S< @Q'lfdligférfﬁfﬂlfgﬂqn'xiesﬂc%spﬂjs ulhg vtoﬂageeh@ﬁ R S8 cebx % time

dlfferenc havi.n cl ock
si gnal . %e t%rmmgl Yy ta ura ﬁpacétof grhfﬁl S‘fl& ??%rgat{t?{ tﬁl‘ﬁé&gflﬁ% YO?tIa§98 | ayed

with an | EF%%%EOY ﬁztf ks, éa%éealésam?eteﬁmqahéol&sﬁézéFhe(frapeeror &Y¥y. Therefore,
when the relation 20 of O < C2 < C3 is fulfilled, in response to fall in
a vol tagdousedd as a reference, first the term nal voI tage of the capacitor

a fakls, andvluhgacg@fntg%e wﬁagwmemlow\ﬁqhtﬁ@e1@ta>fob@1@aﬂ%b 0l fQ%SILI%' I's,

and fi nal mggh }]?J éT}'cuat conﬁ raglon relaf._x to configuratl 11) 1% QL1 25With
Hoot | moib ¥ ghiatian Folapiy SUratiny efiplping the ririg
Sogg i Iblng Ofcaﬁ%‘io Fi ?@ese & t@. ardem‘t ed’@%ﬁye gieael gﬁﬁiimér%ﬂ%zﬁ yi 'S

conf i gur &efegvration eRawmgintiE:. A0 kg cwddGt [ fhorit BinecBwsixitesprovide dldopt t he
del ayed selgetats Zenettetreansidaof th2Gleldybd sishel gonfdtpuratii 2hisddentd n FI G 10
(a) @b Flipabldof(Rlectihd tnesora@ﬁmﬁaﬁags bPaf 1Pk dRe SBub lIRGEOLSthe PR 4 he Iear

si de of ggﬁﬁggean@y nANA L ORIGEE aﬁage&o 161 QLlIGF b Qe1e2,CARRN © O

selectin Imngs o put voltages

delayed atlon un|t 26 to the respectlve electrodes 10 by use of
t he selectlon signal SEL (see FIG 6). [01021 35However, with regard to the
confi gur 108h shown in FIG 5 or the configuration shown in FIG 10, in
ordess t o apphywéhe, €RRtEDird VOtHABA i E@ratde sBOWE ik BUB. 518) thelohfBgurga@ssary to
provi de gdwemSFION0 3 digdy tegpb@vt% c§m31tv%1t9 eVool!hE%ge%ﬁ‘ogé bpgdance. The

dri ver ”R‘(y betrf)%o 1;\)/1!odedti dglgfe}ﬁ/ﬁ d}t%ﬁ%m% evel s% ﬁégﬁvo?ttagg%or lmli)ﬁ??' (o, lﬂﬁ del ayed

si gnal ner a

char act e e ey “;t H@Vﬁi@éﬁﬁtthﬁ)fn% Is’tdéd’ééh‘?r&@/mk}&s’éﬁﬁf theflefayet figng| ect r odes 10
in the igagratanugt @&r 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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[ 01031 For exanple, signals Sn and Sn+l1l are used for instructing timngs at
whi ch the control voltages are applied to the respective adj acent

el ectrodes 10. Further, as 45shown in FIG 11 (a) and (b), the paired
drivers 28 for applying the control voltages respectively associated with
the signals Sn and Sn+l to the el ectrodes 10 are provided. To prevent the
control vdriRegEEely pseriBtadgiththa siserls §nemd Sortd de fhrgdectnages A0 erepTovidser ect
order, a phagevaviparingomnh voltiges 29m beienmpieddo tior elpwaslas 1O dn thephaseect

di f f er encera{ WpRRAscsipH EiSoDhinit BB iPéhp 1B Ot ¥RESurafk a pRade¥eff&endd guration
shown i n FleGrechbutRlts oPfhelyalledArRkUSE MRt B RQtibi SR AYPRG AN (o)

adj ust Lng timngs .osf VO taggﬁ.legrgtﬁ%tegldf I n(i,.o thetires%e tv'l}%? edtlllv‘ggﬁ%i 28 SO as
to keep tHe neésL'(ill’]éér,nﬁﬂ YU AP § SPRIGEE e AdpEihe A1 VP EREMRE guration
i |1 ustrat dBtojthe Fsgective qrivprs 3thee as trikaep e oetsiest phase fiffezencesandagbnnect ed
to respective inputs of the paired drivers 28 configured to apply the
control vabtoages to the paired adjacent electrodes 10. The single phase
conpari son unpf 112&ohfgGQRbh AW LS tdPin IS 1WED), 1HGihind s Bolk HE L MBS0 UNi ts 30
t_O f"‘dhb' st .a;eheonplg%gg %0' elsn %19791’11'1‘ %%g of t%% gq(e)(yvﬁ il\zgrs|:2|8%onf:1Lglur%& 9 atpqetl’? | ngl e
tining adfUstRBRE . un B Ry RoRREEEEd TS 5RY CORes BF (R R A5t s of the
pai r ed drF?f&Fog‘%’Q agesp tRpp e d aslagspt ?/le?tﬁ‘éieiéeonT}%/"tﬁm%lpPéﬁee"éth?“csﬂ’é pai r ed
adj acent #pEESripdedigneed torinstihial the tiamegadtnstmeani enits 3P tgadidpiudemdasesuni t 30
uses an ol parttrast,msnhowh WAEG Al WEth@8ingk timingfadjemaentandt 60 Rtaydes an

out put ti Badigctefl t& Rey BASthE i @s o%efaﬁs@daae&%ceﬂﬁﬁr@meapﬂ enefore, the

oot e 2&?“3%1253%:&“%% %rillﬁgz%%‘% LbRkedo. A Aidtanzemens MED | e
o L TRt e el it glosisds habuted AFERGET oy driver QHGs AdT DX G APy each

phase confPatiodoin eifptt Honipgofthgafheadriver #8 basedenttho refereper-s. Tharedwat r ast
wi t h adopthengliudtmeniosfithg timangomndiedfarilitatedl G 11 (b), the nunber of the
timng adjustnment units 30 is 25 smaller than the nunber of the el ectrodes
10 byypnepibypr eover, the phase conparison unit 29 is required to provide
only one out .. Accordi ngl. he copfigyrafion can be sinplified 01061
30AI t er nat i v%e_n as cé)ﬁg%\h‘ﬁlgflﬁh ﬁt“@m E‘zﬁ%g@é%fﬁsgaﬁ? (ELaRe paine Zymbet Phdet he
phase di f FEfERAREREERAItRA0 atthsurlecdtoden &0 ifnesetsang dAngther sasbahastol t age
i nput t ed domaristreuditi2fas ra@ingd yo beovpledwiodath dter laaohtreét, it afioptieg sh@8
associ at ednfigtifativhehses peEiG.via ), ¢kd haebsr df@he timih$ hdjusiandnt guitatzdoasn, the
Phas &5C 0NR&{ 118 SRarHHeln B FRAY Qsctidaes @@ﬁft%néj.' NiGeenNGetHRgiMEeN the out put
0

vol t age of e Jriyene28 and the | nput age 35 i,nputted into the driver
o The p°31§§ et LAF oS Bl BBt AR AR, REP B MR i %5050
as to kedB tHE2HRASH? %ISIHWE’?@ di f f erence constant.
[0106]
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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[0107] According to this configuration, the phase difference between the
out put voltage 400f the driver 28 and the input voltage inputted into the
driver 28 is kept constant. Therefore, the order of the outputs fromthe
drivers 28 is correct unless the order of the input voltages associ ated
with the respectjve electrodes 10 is incorrect. [01081 45Wth regard to a
conf i gur atdeareasterich phapss o imss ar peoppt ofiihe alectyisicharges per ugiberesdsed with a
| apse of tihereasedrsdhoaren ofthe prgediad otelli Id is Heargesd peTharnfore, ar Baohgdémdr eased
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vel | 11 i RveoiaEofthye gedvieshargecur rence of the overflow of the electric
charges. [01091 Thus, the follow ng operation for preventing a waste of the
el ectric domopes can 10be adopted. In this operation, the tinme interval T1

i s decreased m\w tﬁ@foﬁo@fn%%g@Jtmn%ppﬁéaéﬁfﬁlgvmgstg B?t@e@@ctﬂz clhd} of) Lenti al
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time (the time interval of the driving signals) in accordance with the
nunbef; of [fhgps of output of the driving signal. In other words, 20the
control circuit 25(1}? i ncr asethgé@ determ ned. tj relatlv to the
previ ous ‘fré?gﬁ Pﬁ‘@ec I9PRECR 8 DegpnirpleingliizR0 o p‘{tfﬁ}é"s % out put
of the dr&mﬁg signglsd?d, Do D3eRgnpdeD1 éuthingrdere Harghempleofhactontiel perdiod Th,
the cont r 10 way pralingX$e predetémunebtimet(tie tpne detorinfitbd drivirg Hyndlbent i me td
each ti neadehdanes™OrRh th nlimb@SofAfmUWrBUipubf tHRQIr8hhyEiBgalS| Badhet SoldiCr €eased

by ong, M@@o@t@oﬂc&ychit%o\@m Qbisd %pzéde%&%ﬁ&&hme%&t%%ﬂ I%muéd the

driving si ? n
or edet or f‘*@ et B o b T Grmbeg g Batey &éﬁﬁ% P SifPehe
driving siGEErmple: Ayripsth %ﬂé’ﬂ"@?ﬁi‘%‘i‘é&r{"fir@ thp contrg) Clr"FPi’éz 19Y ng signal D2
i s del ayeadcrepgmbhe peedptérviined Simgrial thDBinteytdtdach pmeadé\teemmheedf tineeo{ 4 * td).
The dri vicugpwiofmled dddling Sigel RYeEehdedBytdne. dWiheh ag isit@hailubdf e t he
p; gd?g?:' rBr@(fédeItxﬁlﬁ'@d élﬁle 1s @d‘)td %S?’Nll?%&gnélmﬁls%eMylearfrolmiﬂ‘[@q{rnfgﬁ El gzél![ ;?m ned
'PI rrje in D5 %?Q{ar{) e&- e]’ﬁ%mf% fa fﬁi Cfnvm%)?lg;élutdau]ts d%?a%’eﬁe Hﬁh\f’ ng signal
inthe n I'}Vll%ilg‘ﬁf’ﬁd%%el(\}f fhﬁrpr Flalamqg rrfo(rre riving signal D2 1s

delayed from the driving s1gna1 D3 by the predetermlned time (4 * td). The driving

signal D1 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.

[0111]

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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351 n other words, in a process of decreasing the area of the potential well
11 with a lapse of tine, the tine interval between the tim ngs of applying
the control voltages to the respective electrodes 10 is increased in
accordance with a decrease in the nunber of the electrodes 10 to which the
control voltages are applied, Wth regard to the configuration shown in
FIG 5, such afthpdPimragtionsthemiodimant, 28 4xpirnaldon sty tolike pRAYBE of t he
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t he i magi pekbvadnentep Zsenting dulailsted datama,valusages created at tim ngs
10corresponding to plural predeterm ned phases in the nodul ation signal are
obt ai ped. 458 of these inmages enables cal culation of the distance to the

obj ect prese in the target . space. In this configuration, it is possible
Lo obtain a di GEAREES: HRGRORHEPLE IS AT Wes FalFLOenct hdebhrealitod
di st ance tfarest thespggmgielement Iz vaxigdpiidh an wéensit@yariagipe of theensi ti es at
respect i vesogagiedilahs. | With theaghting @oeimdung obrecéiseklight atltbe imaegihmg el ement 2
are vari edembit® ana titfigNSirichrotddddatitid thedhod l1ted0idut at Bhokéihtto cMietRte
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em tting BAEPPECEIGTREGE tafebeodustedp the dinte difprrage 5@ 1oBdG the deptright has a
known fr dquibneliecivan bhealohlated. dilh bdef thredigamebty thembisct @a heomedrared ne
di f f er ende, memsaf tissDOF (TidheOfFEilatharthdd wihieh oficelatesdighteme af Gelhtadyed. | n
bri efas t hgedf sbataeed 19:H:havRRI Labd AR dRRtABRSUr €d by neans of the TOF (Tine
O Flight) nmethod which calculates flight tine of |ight by 25use of
nodul at ei * ht having a nodul ated intensity. L0O1141 In the aforenentioned
confi gur 4 , the electric charges accunulated during the Iight projection
period are sipphd aferementinaedesindintptiongtherelesssioehargetacsimylathd dgdeg ect r odes
(1) ser vithgligist prhectiol pkmgl ek eoppladaoahe holdary stohedsdchesdivith thad t he
el ectini ¢ ethab@as(1PsG Wi a3t BE held gNedii@e RA th&DdtoRIdGhekhHh, AmdRBE | 0d are
suppl | Edefe@trﬁéﬁapégs(ycagnﬁﬁgégo&%ﬁﬁgsﬁg'n%th%t PhdidketoR B BOEGH QBTed B uRCT VI N

L the erein

as the heldi.ng electrod n sfore : ITe, 1n an _exanpl e
of creat ?‘ﬁgh‘%%e‘*gl SR eceﬁ?ﬁ‘é e ete}%%r@ﬁieégc i FEVEgSS %ﬁgl T‘ﬁ’foglﬁ agd ¢ | mjngs
respect i VRARStEESAEeISHh diMpIFh et Pherearis el srenipmibeakistanesnimage. thedul at ed
si gnal calectsie dipsges iabunnedated atlignings peptitivelyhordispepdiegions @rde t hen st or ed
t her @6 n. syrithidnlized 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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For exanpl e, when the nodul ated |ight shows a sinusoidal variation of
intensity, 40the target space is inaged 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
calculated fromthe inmages created at the four different timngs. Wth
usi ng t he eXMBPnEstalsHadC kg sfee et dated dhioveh aoreses phandausipsctibemeer 2,
two sets ofthehwtalted weils 1t darige pedobsurtieatiedy atrrésponding tenentoeo t i m ngs of
45t he f ourifthirbfteti@igs} 48 thgseaG@R t}QQel&&ﬂE Eithrbés 4BEmUBSRELT da¢B ot g

[ 21 onS. fotfore 4IRS uyd Ala Fh BRI K fin 9%1 S RHAAF U g&pwﬁﬁrtﬁé'gh a
proces of e&oﬁmQEP Cﬁ@? qﬁ%g entlﬁ. é eri ods
respecti vl corre§%b n P g7 ?W%?éﬂimf Fes8fter the
el ectric @F3mydated @é&bmq“éﬂ@ﬁe@pt igaRgsofre phpged %Kbthﬁllmﬂélﬁlér‘?@ef’[iQ%%gg'oare hel d
i n t he hotakiermyt tlegélestsic ckages bécumujatad sodiedbeddiffetent tinengefremtthodes (1) and
(8). Wt hipagihgelhRgt 2hi€ iOReiaéitahadOfiR obbBionto €:18h 64 d1EctHH W ALSs is

accunul at s@ﬁ%ﬁ%&\ﬂbc@h&hﬁé&w thd A ADS (ﬁ&ﬁne%toqlﬁéggn%gutttﬂx% euagagéf ng el ement

2. To(gak % ectric char [ ted at the four erent
‘har
tinings frgo Shéorflrffge o %lﬁ%le Can§ iilgﬁus(tfjffl cient that the operation of

taking out electric charges is performed twi ce. Consequently, the nunber of
ti mes of iodRﬁ]ng out the electric 10 charges fromthe inmagi ng el enment 2 can
be hal ved. [ 0Ap6icesh fpr @esscn bfthe diseaice Ginagd byt e dithé elocicichages bykense of
the el ect &itGrah Bt aka é‘m@h’ttzfs PothEd | b;nags 1ﬁgig@|g@ﬁ@ﬁ£1012uh§t engy fornmed by
the i [ge 1ﬁ§ﬁ§{eﬁtlh %GUQI tT (leséi ﬁ%‘ﬁe col(xjnﬁg%ﬂ‘e@'to %energye ti':he dQ%?nce
proce33|_n devi Ce, CO{ilrff 8 {]%51 gglgera a n the
spatial i a&?&&?‘? 17 TS CPHLBlS T RAGOR 1 TR EPRE Toeclsveent | gur ed
to gener atoafigpred e a%eéatleéhagrarYéieaéﬁéﬁfeirwgemag%éhwwmaglewee/p@@h&@qét| t ut ed
by the cllocthegbukgatdrationniit 3udrntle aheliclppltage causrdl age 5 ol hight unit 5, the
l'i ght pr gjréfetii@Nconedl 6ot 41t inthge khRerh 1B @nBBNSAREHGRAEMbAL Ehit andmtube

Je %dgi@zg }H‘Géetssﬁg d'eml:élsaféQ& Qc%%ﬁ@rg&gt \éll&‘flt Eﬁléﬂﬁ%@o&&gqt:ﬂﬁrthﬁ‘l 1&1 Iea: i ght

i nf or mat .e?s e ?etegons Gl BN ERTEN afet e S b g Pl

di st ance ! @étlorf fmhefﬁtﬁn‘ieh@aé? orenent i oned enbodi nent, the appl i ed

vol tage control unit 5 delays the reference timng signal created in
synchronilaetion with the clock signal in order to produce the control

vol t age appl [@Qletﬁofe%n@it)ﬁ&; érﬁg&hm@‘h@ %@%ﬂl%ﬁlvﬁltaé$&nmphhﬁ% M a8
control Y £‘en%e %Xng §1anI creaece& |11(1) gyncﬁr(guzatlon it B cloc% silagna(i“flr? grdtexh g control

vol tage. produce the control voltage applied to the electrode. Alternatively, the applied
voltage control unit 5 may delay the clock signal in order to produce the control
voltage.
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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[0118] For exanple, with delaying the clock signal by use of a delay
el ement to generate plural delayed clock signals associated wth different
delay tinme and then inputting the clock signal and the del ayed cl ock
signals into respective different signal 35generation units, it is possible
to generate signals respectively equivalent to the rectangul ar wave signals
S5 to 58. [Ghd signal generation unit includes a counter and a signa

gener ati on ci Asmdntiohet incthanpbe, thehdrighgdaticegediibe ptesont anlbodiméntdet er m nes,
based on ARsi@H Pt cohfroMh RBa e WBLEEd déviREh vttt NEradicetrodds mdut of the
si gnal - gengralbof ALY (hESumdlifthd &YRE ARhiRuAGK:AY fikld g9 whi ch the

out put _of e.Si Pg nera on u |ngtoth|s

confi gEur atPBIFon T Yk re g‘lﬂnﬁr W&?/8Ptshe ﬁengﬁ‘?‘ﬁm‘fl‘éagﬁr‘:ﬁ%‘ﬁé & gnal

gener at i oORIERkthe gotgati 1 fpymed rrytb&éieaye formatignaier By 18 respropse f@f t he del ay
el enent . Thelyefeahe controliveltpgrsteitht eletimodrebsoatsato ttivnsfir ghablsctrespecges vel y
equi val ent12twetmﬂehsad@ﬁ@mﬂﬁatquydrem amgyl b aAkinganeics bkl presthtt 0 S8. 45

[01191 embo&&eﬁ@mchgfag%a aoct %ﬁ smc&%lgxfaaqoggﬂérgﬁe af cﬁd&ﬁ present
enbod S1. t}%oa 18 T C tr Uni (ilgov eylcgol ich the
olurald ol e§flr08e§ e FiPake 88 3 fc vé? i urafr¥1 s cftheiou ce

f or mat i onPPEPERl Wl yithaegrrddo 5§ he sppface; pf Vwéﬁre@t@fl t he
present ekyedidrbntontwliienthegimgs BbWbmhttho porttha Vpbamtalrahpmeddl toftbe ned i n
t he devi ceespedtivatadfiaehtay@trolds 1Mof s pageddsoloap phy apgliddwlagatsikolvol t age

to the el 861 1596 BonkEuSQl Relay the aRsE @Jgnam t8b 8Gtdenbe GRAM PGS nhZ Wb LN t he
devi ¢ {“Lgl.\ 1I%n z%gﬁ w}t QI%CQ“ s% a%%x g&?e Ee t%Q%oMr&%%ﬂagﬁs”%oﬁleHE”t

i ncl udes ner ,f; ﬂ Y?ﬁé’

10si gnal , oo HERER I ioAes B tha gk eea%%rn ni Thestis PiegA At Y6 VP y t he
area of tonatishvelfseaPpriiad tohe adineapaelbctrdes ippelpried iy b shorter shathhesur f ace
of the demdrod dfoherdbddkosighedyer 13 by controlling the timngs at which the
control voltages are applied to the respective adjacent el ectrodes 10 of
the ejectipeags 10. The applied voltage control unit 5 is configured to
del ay the clqck si he. ref eren timng s ener ed 15in
synchr oni zat ﬁSﬁt}Qﬁrt orgﬁgﬁ%f&’&&?g eiﬁlr‘ieéf’{;@(? pé‘ésef‘g é%g cB‘Ant rol

vol t ages Qppriies o charge ﬁ%ffpd@fbﬁ‘fw‘é’lfééfﬂf%&é§h‘aﬁleﬁ%§ caﬁlfaeérl%nt Thg ni ngs. The
time i nt exhazde-dvepledelavichecboles tiod senotdmige®r dppl (detide dornrgioadppoe 8

el ect r odekpks weil ieplueidiet hb @lesidall$ indulating 18 eP@idulitinf layd1e 18 faededsi gnal .
20[ 03201 JnvRt H?er se\‘iﬁéo‘lﬁuct%{f'ﬁaygf R AP tﬁ@l’ﬂn&‘éfﬁl tlrﬁ?sfé%‘?e%%ﬁe@f@()d' nment 1s

gﬁg?gfegr f(é:)ort]#rﬁgé oxh/oger tﬂe Sl%ctirlc%ﬁ¥j énsugaltm% la¥erdleef01f ﬁ)rmme%fleer ¢ h{eaéel g;;: ¢
(devi ce fBfHEL P%ﬁe%mworéwa&éd Wt Arivipgderice diludegdhes lagk gIneE R

i nsul at i it Higred the applibdvltagel cayep) urify 51 oFhedodGzameration wihie3 éeni conduct or

| ayer 13 comfighrtdieo bitpet the cddek sighahs e spptied vadas cbitrposiit 5 ongibuaed over the
el ect3ti Cab byribrs teadeh e BY&Iss dfsvi@dhif OfHE V@takbgp Q:tdec@tth@-l:raﬂ@ﬂei' Wi thin the
serti Condugl.hql fyﬁrom%gle IR kY o ?eﬂlﬁgtﬁggét 5 P ThoGk. gener ati on
unit 3 and, the ]8?] g ) | ? n@ ?ene ratyon unit 3
is confi %ﬂq@%‘?f ff’B gtt %p tFBE?( k33 8 Had™ el‘l’ﬁ@“‘é TEFNIIP Eageecerherdl  unit
5 confi glithedrBpfe efrstrode APF Hethertaarsfarelentrpded9B ‘Pf thailive Rf Hy tearsieol t age
appl i ed elctrbdest ildnsédon eheedodkodienal 0 Theoaliad voliage @ntmbhbiddenéladed or mi ng
the pot eetd @)'ntl\wln'rcdlﬁmé”d"lﬁld’ﬁﬂceQIrﬂfrh@mV@lllﬁ%]ﬁ Tae cehtrl d@titegotiyie potenti al

well in %ﬁfgmrémr@rm@ tlflé &ﬁ ngrg%g pdéfﬁl%dsa%%@gm%ds&hmgv&g@ %F@' ectrode

16 baved ke eRE tht e EFhEr ol 51?%8%0%?% and afphb ARG eE ol odes

35t he coRFVEE stgnabyith 62‘15}”@’1%%6‘1”?%%2 ISFPREgE WP é‘?}l“&")?g@e”’%ﬂ@&%ﬁ% circuit
250 i s coahilgarel thocatedveltadecdodhé tiangfes plgetabdedtd asvedatad witlethsi nary si gnal
havi mg t keeived dfiving signal when the received driving signal has the first value, and apply

the reference voltage to the transfer electrode 10 associated with the received driving

signal when the received driving signal has the second value. The control circuit 250

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

driving signal associated with one of the adjacent transfer electrodes 10 from the first

45  driving signal defined by the driving signal associated with the other of the adjacent
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val ue and the second value for each transfer electrode 10 and output the
created driving signal. The driving circuit 280 is configured to, upon
receiving the driving signal, apply the control voltage to the transfer

el ectrode 10 associated with the 40 received driving signal when the
received driving signal has the first value, and apply the reference

vol t age tdf%fﬁ’éefteie’&ﬁﬂl%ﬂr1%?0e%§ttr)@é@slﬁlea@@é%iiéﬁeéﬁm@\iﬂﬁweﬁhéh? Besdidyivinedr i vi ng
si gnhal wheignahend geeieved dhiving signslitgniad vdias cdrbespsediog tb thel predetdineinednt r ol
circuit 25Qné &@@@fthzgpﬂ@q)etr@d Ofﬂletdmktsggalaisfer process, delay the second
drivi ng signal defined by the driving signal associ at ed with one of the
adj ace fer electrodes 10 fromthe first 45driving signal defined by
the drivi rgé)]aiﬁgnal associated with the other of the adjacent transfer

el ectrodes 1028w rdse tothedjriripe devacepHabepigis¢itemthod angydt %@&ﬁl\tl%derVilfrest
driving siggmehtearnbe tdmrd eclorgds dppddng the gdjatertt electredasadtube ddferegpondi ng to
the predetBiiRkNBHmeh i fHRAEAN thtRRIK 61382 PAIthe defofenth BnthOSikn sl @Aatatep[ 0121]
Accor ding i} %&H%n%a%%h%tﬁ%@c@& %i nfabe Frz{rpﬁ%e%m Bt or HIE AL NG

devi ce,gene on . e ad acen rodes at
Che 171 oPEhpaiaral st thesime ?@% e C%fr%@w@. Figh s

r ef er enceeleFtEpdfgthep h%Perg‘éin‘éfrté% é]d"li ﬁg% nchPeisyeRtho it Hirptrikln & %}F%Pﬂ? si gnal .
Furt her, theetiveiwhichyit delesder mbving elepiresbnatses Gonbddi nvteantiod heHtfemsed he ti me
defini ng avatehayegidn dhecisteatwiti theqlliuageleappldsed thopeattinlevddicivende: t han t he

period of 4@ £dsQGkted WaNAhe (SRASAGMEALLY, 1t s possible to shorten the
time ich it takes for moving electric charges fromthe potential well
formed ovegr %the region associated with the plural electrodes to the

potenti al over the region associated with the fewer el ectrodes. 15
[0122] Theereforss ghe rppsier paviptef elsetricodrapgdes avithin thechawagewwledi t hin t he
char ge- codpliedaddyisbertea wighashchteaadg whd poidd hbe tledk signdlhe period of the
cl ock signal. 20[0123] Further, the driving device of the present
enbodigrenty Bgy errpl oy the follow ng configur ati on In thi s configuration,

t he holdlng 10 usdfor formn |n hol di ng
the electri ce]‘ilclﬂr g‘e\ﬂr{"ﬁﬁ%ﬁ i o4EA ’?:rgs‘?‘%reﬁg’t %eq ghei %Q?‘ﬁ%sed to
the plur aqonég'é@ﬂ:%de@ thip configagndioni g, holdiae alsplirpdeg! bﬁe@é@refoeamgr%? unit 5
25i s confhddingdegion fop\heldihethe| ddextri¢ charbesr gbinade davicafoethatihn daygh 18 e
process ouxappieditb@hd plRrfeMct@iey 00.t dgagditdnl tiR 4pp5P&eblkate PhtibBhnit 5

el ectgsodeg cérgigtuQed: taqnml il Bk b AR kol R A eﬂgo&gfmech@ B0 oft he potential

wel | by nea a cont.rol e respectlve

el ect r odeé® Tydn$ dgs c‘éi d’q taﬁes toatZ‘F %?p efthve pc}ur 15#&’&"?&‘ ISOtt ot B8 dithg

el ect r odere8iPR by rerasipg dre dnep ot thearogentad wistldy meansod apm%orég dF]H‘@e@BOhoI di ng
el ect r odeon@obdtageoiedle ovrbestie etlmroelbsaé(@ m descéndinnendenof thg distgeee 14 f or
gener at i Mfggm the hdidéing etdcbofeludh@thdray@ts, kBe chdigepaiped dalicematiudsethei ng as

the hol dindgiihe8le@RodeOto ;hﬂitﬂin@g omaeezedh@%ierct&ca@lk}aﬁaﬁ%ﬁg Risf &1 foed by t he

driving e K £le g 5 hd the
second e%gk{&%‘?niﬂﬁgh@é& ck({ Clg%e(}‘dle& 40 ﬂo% rR‘P vJe'u% ‘g %QL ﬂ?ﬁg; ol et rode
10 is ar r‘”&%f&‘éfff B%ﬁ? %C“flﬁéh%rﬁa%ﬁa% e@ﬁ@ w%ed iyag ggyice-1 IP%d

vol tage Elstees 1Q1Fﬁ RosBigngd adieengiip sl tesond end ¢fdhe ling of the tprusder swi tch

t he vol t alpetrap 10ethd olihe cacandé @0 icdreatgeddajddnt todhe thesteo mtelctzrbda/ol t age
to the rabBy.emuR applitBestdgd coneIrudit §1 doRBghtcdsb, @nHe tAnkRE psReeNd end of

the I'ines@fitbig Mﬁgg faﬁf;he%ll 8GhE Px%gfeitgleét!radfﬁgﬁsmfm m)ﬁtba vtoftgé]ittoecﬁle

el ectr ode si ghal so
PR m%éag&l%&ﬁefém@hﬁ} gférsg S5y Fﬁscozféﬁgfi&9 ie Fastae SR Todma]

Furt her, %aﬁléeaﬁeﬁ%esd@\ﬁrb@d@f fropthg teansfor elasiode Ak ﬁ:r FHfToy t he

fol | ow nglee@“ﬂdq i desohon the ddvksigrehse gutodrimder ﬁfﬂhelefctm@tthamgﬂsclﬂrtg tk¢ ect r ode
10 (4®A) haldihg fegion.

[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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45second hol ding el ectrode 10 (1011) used for form ng the hol ding regions
for holding the electric charges wthin the device formation |ayer 13 are
j uxtaposed to the plural electrodes 10 (10B to 10G such that the

el ectrodes 10 (10B to 10G are positioned between the fi(rgt hoII di ngd

el ectrode 10 (.10 and. 1 he second_hol ding el ectrode 10 (1 n addition,
the appli € e"\?’é gesc‘ﬁﬁlgﬁncﬂ‘e dayige ‘E‘?“ilfl's‘m%‘b%P’F3 h?%’t?ltlﬁtapi’sﬁ’dttﬁéaef Plugal period
(1ight 5pr€6?<‘ét9df‘v HeBitod PG ﬂuﬁhethahéie@llmdescl(bﬁaBgeQObema)lsatoeddt hr ough
t he processtwéenapplfiystnigplding eotrbdo10 UI0A) age shd @cédiehdl€inp @Tdctv@e b UIGM).

el ect r odesnkQBitidd, HFaphBed mte@@cgmgl Jxﬁ‘QS %’%oﬂﬁ?&%&% & cid mtltpaﬁo tﬂgg&

hol di ng el %8]%%1:?0 :]!’Q) ove ee I‘IC Par €S g'rc%a ate&t roeolgﬁ%;et Ira e y feans
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to 10F in %P é‘?g %%gtttocﬁh%ref@"“l“’ﬁrplhl‘ifé%?le?tf‘ AB ta 3PF tathenol di ng
el ect r ode hpblang WF@W@‘PCM@%@/I@@E ifizet hoddinaglectwotet 1 budicrefsingstheaméd gur ed
to, in thefseconchtie mietldy(mensiof Applpingjtae Helayedp@nt@tyoldish§ ey gt from the
first perlr@@ecﬁmveae&meﬁimwi@ &hﬁ»ﬂ&eﬁmﬁf%ﬁél@?éé@&&dldﬁm%gbt -8} thr ocess of

applyipg e ahE BlecitOdd ADES M&e%vém Sagslgeg]d‘yﬁta' Eéel grics fLodes 10C to

10Gto the I on SocCl ng eI ectrode 10H
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or ge
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transfer rg‘&1 Bip efqserode it W@?%@Ord?h@efqhﬁﬁﬁe RBpPlaf dgviet BetudsgBherfirst 104) i s

posi t i onegndhgficarthelding eﬂdﬁférOé@Ecmsetmedfontomr thiereéectrfical lgensul atinsd kayer

el ect r odes4 b0 géndretifig ris thdhednticagluetor tiyeads, thddotential wangesdthadiasent to the

transfer gleaeldifsfegiBhr ha_lhﬁlgstﬁ@ Qndt,foddi tﬁ‘lrpsﬁlrf&l% the db dév?ce[

posi ti Oneﬁheaﬂll §Q§1g1e9ec lbr(f(SAend(?ﬁgone eadl allcggt of h%hecond 3 g{}iﬁ gctrodes

10 (the s ace
traglsf er g%g% § t'tLhr‘" H§1f (?i“é"?é’ éﬁfé‘"é"a‘?ﬂ??é Wdﬂ%{lt tor ansf er

process “E%’éf% é}?ﬁﬁél st Ehe m@&@bsldl@’ﬁéeﬁpﬁblwdlw isagsitioset rol unit 5
i s confi quiadnt ©,thi ;ﬁimtkeadfaft}set liter @fftat eranpfeo eRsipdsVo(Ehe debendvidldiage appl i ed

to ths transias 10HashFaddlijidamd iR tcoikrllecolt 206).t arbhe. d&fer ence
vol tage 'ﬂ}o&ggﬁ{chfd Qmet t {lja §fter E{:bcqieés %n%trhgg %&grtlfa%ls%g%?&eﬁs 1%% to the

transfer
cl oot oadd s KRy BT wich Gdenramdiods o H b pe e dr b o
charges TFoltegs anpdie ¢ therfgansdey; eé?f:tfﬂﬁlﬁ 84 thagyntrel voltageite she tefirdigeg
el ect r odeolt@gk inTinderpph itledfixs khd (e comtsfenlelaghiotle B0F)stotbabécgnid ead tthe i n
30  transfer electrode 10B) of the line of the transfer electrodes 10 based on the clock
signal so as to transfer the electric charges 12 to the holding region corresponding to
the first holding electrode 10A. The applied voltage control unit 5 is configured to, in
the second transfer process, switch the voltage applied to the transfer electrode 10
from the control voltage to the reference voltage in order from the second end (the
35 transfer electrode 10C) to the first end (the transfer electrode 10G) of the line of the
transfer electrodes 10 based on the clock signal so as to transfer the electric charges
12 to the holding region corresponding to the second holding electrode 10H.

[0125]

40 Further, in the driving device of the present embodiment, the applied voltage
control unit 5 may delay the timings of applying the control voltages to the respective
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 second transfer process, switch the voltage applied to the transfer

el ectrode 10 fromthe control voltage to the reference voltage in order
fromthe second end (the 35 transfer electrode 10C) to the first end (the
transfer electrode 10G of the line of the transfer el ectrodes 10 based on
the clock signal so as to transfer the electric charges 12 to the hol ding
regi on coriceEpElatingglecwicdharsesc olirther Wonds t&e centregircwip B50 focppipuvedrtar t her ,
in the driadjusgvalees citheflrivire ggredegivee tibthdiramrttive thendipple@chdesll0 age
control uRhé fibstRaledehapakddaslyilreiPsnf toapRbletidg of 1R e QIrodalt ages to
the respective electrodes 10 by tinme shorter than the period of the clock
si gnal 5i n [(g{%% process of transferring the accunul ated electric charges 12
to the holdi region, and apply the control voltages to the el ectrodes 10
si nul t aneousl éuwa% ip Hee divine dpgcesefithe pragentreophadiieenty Heaarplieh splgigeg t he

el ectric chargemii hmakdetptidi tige inggivehbéteret héhestimires of applamguhe kattraig

el ectric ebRi@eso tHdreopdibive WRENSIest1DRoERAY. Olln 6ilee Wokds2 B dont@OBEéGHr €d t O

adj ust valiesgheins ktd MeedtltORBhSd Hnbe&OndiOnt HfehEIRECE IRtEndhRRSEET
el ect r16)de§imleoo 0.d ngtftlhgsdt. val ue < nmul t aneously 1 n response to conpletion
of the transter ‘process. STHEBIT*" Further, in the driving device of
the present enbodi nent, the applied voltage control unit 5 nay keep the
time inteflAZl bet ween the tim ngs of applying the control voltages to the

respective elAiémadtedylid thedsivaatdevica obthegirewdt dmbodik@neaht e@itrdli rcuit is
confi gur egirb@t XRERa} BE cRIFRUBILHLMNET phbddBs SHORSLARLe khd £2RGE IRV St idine
nubefs Of wiflh Wi PlapQUibPlthe 8f dblBadlhl WG Bh AR ne I0AGLs AbLELARL Vel Y. T
the dri wﬂ% eV|Iceloa1p e gre En . € I 2 , Lhe co? ro1 .Ccrrcuit 250 may
be confi glPFEG 8’ VAR sehEnPBrase 4B Higre BT LS Phfg  PHSS &f aBplginethe coRitdnt i al

15 wel | 11olgigentosthe apwectite eleqipodpy 1@ et resardanes WHE arflestsape bf themaingiesct r odes
10 recei véfithe eleetredastliOokcaivhg algeentiohgolease. tIhethémpeordattbe ¢attrdfcidchi
timngs ofsmipRbnfidi@ed heproRnk iR piedbica@8fditiné be tKLSRRCHItHE n8nB6E s0des 10 in

accorgancgmd bih 2, HegtRAFvind sifag. nunber of the electrodes 10 receiving the
control voltages. In other words, the control circuit 250 is configured to

prol ong t[he redetermned tine on the basis of the nunber of 20tines of

out put of 0t driving signal. [01281 Further, in the driving device of
the present dmpdgirnmerhe drinmgalepice etitheqiresege embodineint,ithe ppBlisvesoliage| ude t he
pl ural debayobl€b® i, inBadh tif plubd ddelyayegé@BE Mtschiof tRbddaptlegiehtfist 0 del ay
an 1 rjgut c@ﬁéglhja@@o @ME?HB iﬁ;hﬁa @ltﬁé/rgguﬂpﬁp%ﬁe'de%dqﬁl}@sy @h@%ﬁ& etl.bq'ﬁerf'%n out put

term nal ¢ ected .t o _an, | nput rm nal  of an er del el efrent. Any one
of ¢ he i Aiana S AL LR £ B I BleniBlt lingfiEh e ol onal
The appl i‘8t P61 SRfeme Bt 4 She dolpy elsmpatsie sy rdeonize e thorlogletigyilng t he
r ef er enc&heiamphed soltpgalcsniygl e determines gimings fosflelalyingr ths pefetdnge del ay
Ci rcui t s tichingaignats Woudsf tiBOGttputafitiotespédtdidblag pbcuine| Udeshdrhardel ay
circuot 2e cddif] SHOGEHLONIZAIdeO BrLAdISHE b fiPIRIBe GRTRAIS@Bn¥RLh) (Hhseand the
driving bAPRHis en]ﬂﬁ{)q]tfil, 2y ﬁ{er(ﬁ“Wi}l% i %al OgEF@ra% !n%}Ircﬁ 5 t'l&??eldél%{ glgcnfi{i gur ed
to gener%ﬁe t gﬁ(gp ral “tim n%gmlga@ S . eﬁil%e dg}/ t E Ere et er n%gx i me.
The syncKronf2AEIEH QisPREAEe T RlXral Siaipg gieaalsy agg@ﬁ Bhprdetsrmnsd ¢ he
pl ural tit¥iehg Toe graghsonipation giecudt Bk cenfigrapd torsyachironigerge of theatluepdner at i on
circuit 2®iingsign8b witnfheguodddigral.gefler dieng higndl ganierrgiopi qgreait25fias t he
respest i venfighastbioafenel € tHetlesind Gighak bk R rbdiRchvdirahsthi flbftdodebgoal s. The
del ay ci bedtlitonZhe bﬂ&kpﬁﬁ&h& ag?m.urql'sﬂe A8l P &l EIERL fidb NHE @3% Seby) |
.ConneCt eg e?nleL su(ll\fg’ﬂ‘ atesE%%) cogleecgg c61r eurirerrlllryt II:Z c%%tre]LaI %'llgnelgntt'oco a% Sl gna
i nput t ed By “Const ant €T A& SRASSUE BrEaHe TRl RCIETgHdr CodBEEY
Fur t her , 9718 prseengt mpubigd davrrsapk ting @ng oagurithe ssglipresienalt he appl i ed
voltage control unit 5 may include the phase conparison unit 29 and the
timnyg aljrask nent unit 30. The phase conparison unit 29 is configured to
measure the phasg, H fe@BMSEdevice 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
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between the control voltages applied to the respective adjacent el ectrodes
10. The 45timng adjustnent unit 30 is configured to adjust the timng of
applying at |east one of the control voltages so as to keep the phase

di fference constant. In other words, the control circuit 250 includes the
phase corrparl son unit 29 and the timng adjustnent unit 30. The phase
conpar i sorPf tifi eonpol yatagensd afutiodder shamwse deferense gerssantdi {1 ethenwerdset ween
the first tHe catitig cetghabo {nicheesdthieviage sirgaisoasaiicd9%edredchaitichingone of t he

adj acent taaRshest @iesd.r a9RSHAS) c@mrtsbﬁuﬁﬁ%ngcafﬂgukeragto%egﬁa{«e f{dehe driving
si gnal as 3Gk lﬁgrewcé Qetwasn h&rst &ufw & Lﬁ%% eﬁeealtwk %ﬂg%af £big etdfvs?%'ﬁs 10) .

The tim un| ne of the
phase 8f t H% #‘Fsage IR fes” ?‘Fﬁ’fo 81 taﬁ‘g ﬁé%c@“ flmf’ we s égé@gﬁg‘ &F’iVV}giﬁg

si gnal suéigrehassotinted prds emﬂﬁefré%f shecadipesnt transfer electresles HO). pridwdineingi ned

val ue. 10 adpE@0dntTimét Hpatcbafigurad or adjtston laet end éfithe dbadead thisting dtmhengdr i ving
devi ce of sighel piegephasndrads s8Bhd dAGIHEdRsal Behl thehiheHakt HRBrSRULSE 1, the

i magi Ng deydnEi€al t@@ﬁ‘? H%ﬂe'u%ﬂfrnﬁ%'a device. The light emtting source 1 is
configured to emt he 15t ar get space. The ineging device includes

t he i magi ﬂaﬁe enment 2 The i mgi ng el ement 2 includes the charge-coupled
device in h the plural electrodes 10 are arranged on (over) the surface
of the devi ceTliopatinl oriormmpmn deBchmgdedte asisg thecmdug tevige efittle pseseonf i gur ed
to i mage thbodimkedLinchidas the [Ighe cphiALGRSHUAG IJENd iaRigify Bk gaurad to obtain
the infor més%gqievtcbe T@er t SPASE Wuld fr%fcgﬁi‘?élﬁgd %@erﬁnﬁfghﬂd @R 20bet ween

i ght,em m emttl sQur.c ecelved by the
| magi b5 oegEceredhe m;%? Gel SR TRY el RGN ™

cont i gur cdoPEREF IR Ehq hagep velodrrstes 30 P PUITALFlBAdes 1Rdee o

funct i on ®rargsatandpyarhthetsvafapoefheidayicedirmation tryer L8 nade oflevi ce f or mati on

| ayer 13 semitceslpotosearnilds apffigyirditotinage ol 1aoget\sphdeag®hé prdcheind @stidedde 10 so
as to tr %ﬁﬁ@lﬁreﬂh@ oS8t tHol iR foe MAtIHR Sf WMelthidat EhRe M feforb Bl Rktloayer 13.
gggeg{% Vi g&gg AR ofIGEM AR (%Rt B ABNELAL 1At rebefRATLOHL Od O

confi gur e’ atgglg\f%y VAl hgﬂifrperﬁceﬁm? Vi Fnéh{ ﬁgh%%r'?‘ %\Aﬁ?‘ﬂcer‘é? Hre[dotoa pl ane
paral [ el d&etthe impgipgelemsnt ?heTbl‘é@Tlﬁ@gfdGYlﬁﬁhﬁ%ﬁ fynggiep omnﬁsplle@mthem ling the
timngs atotesttiat wetlfernoninrtbé deatd hgestion Byap pd ireckspanst he apdsipmeche ve

adj acent ehe6l vodgs tolheRiiect e @b86 hs aiRan B thiReect3caREd wEhMaht age

cont LzS' Sltaa'vfce %rhatfaﬁ rmeg qéedTﬁéJ H%hlgfghbgnfe CEtI? 95@{ ge%rzﬁlb% %‘! grence
gener at e ? ‘ﬁtagucr %%? ner g Slé q‘a%ﬁ‘ﬁ ‘{%wtaﬁ’@“é V%% &Gt OIéﬁr%c“tIng at the

di f f er entORIFHREY Varﬁé % i“f?é of ﬁleeewallltl%éf%@ﬁ tr?@féé‘h% p&nemr%%é% theppl i ed
to the aé}lefé@mf th¢ deticolienaiien bebets byl cinsrdng thertimings laawhidhethpepitool of t he
cl ock si gnihges3be hfdldlYo the respédlivetaldfice MdleErodbh 0 af theelRnbilenel Ipat i al

i nf opat 'a@ﬂhéipvt&t%tgb BShtH\InGSs 1sNEhHERSa tt@@elhi?%'g c160K Sriédéﬁl Or B EHedee the

Icgﬁ‘?: Sgl’ & gfgng{]gelner %F(P %nogy%%ﬁxl-orr]lgzag%?v%ﬁl the c?alc:g %nal S0 ast % | n\g}l zgug}gﬁas 1is

conf i guré‘?ﬁpf VP %%ﬁs\f‘é’ e Fﬂthleragiﬂcf’%teﬁ?‘%iﬂ‘}@? a%ﬁ‘é@éfferFﬁgtIB}‘%%?esg‘PﬁﬁlnéFeV| ceis
conf i gur &xexvgl bet@gee theneontyel voltrres opplifd torbe pdingutt elqshrodesiaseldcten te he

rel ati onbbetonterthahehd payintd @hd tleck digmah the |ight emitting source 1 and the
l'i ghgs received by the imaging device. The imaging device includes the

i magi ng legmant 2 including the charge generation unit and the

char ge- coupl eV|c he .char ner unit i s 4hconfigured to
generat e an R e 05%@5&1&%%5% B TERGREy of
the | i ghthef fabﬁmefnﬁfélrtgasro@@ae Ls phecismasieedeviogr aed Ersupresssidevierisei sThedighitgured to
t r ansf eremitingbewore il ¢s ohdigges! tgenst hgledoliie tdrgetciparge Thenmugtnigalevisni t . The
i magiing Bleeffire® td fecivEGbhi MBPEhS BNEOH spaker TeaPtSsingldeviebay ge- coupl ed
devi ce | AGkYARA thbRFCUIARKEAREB bPihel ANRE shite thiSi &l BRUELERhINHHARY! at i ng
layer 14 the & ggt emetted H‘OIIICH'IG Elgﬁt emf’%pmg Source 1 and the light received by the

imaging device. The imaging device includes the imaging element 2 including the

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

_35_



5el ectrodes 10. The sem conductor |ayer 13 is doped with inpurities. The
electrically insulating layer 14 is fornmed on/over the sem conductor |ayer
13. The line of the transfer electrodes 10 is positioned on/over the
electrically insulating layer 14 for formng the potential well within the
sem conductor |ayer 13. The processing device includes the driving device
for contr ¢h¢ liglef réove thhtarget-spaemp| ddie deatisesourded devinefie ponfuned ol teansfer

char ges 12hg@elnetatchardoy gédveatel df GRe geires gdieoftidinidit. TiHe idnigiticngedevi T e

i ncl udes fhe C@W%g@%@ﬁ%@tﬂop&éﬂﬂlé %mayg@ecoapehlde@cmcmge tROMQ!  uni t
5. The Cl ?C ag%?q 3 lghtihe € ectrlcatlglénsu tlfug%fayer L{) agtlilhg)ultlne (r)},?c € tltofk g gnal .

The ap eg 0 per o m V5t er

pr oces oF e§WP e(,sl"ﬁ ﬁée‘V’GP‘E Epra{fﬁfﬂrlléds HEth Prapttsss- el8&t rode 10 from
the contr elecvmaﬂagesuﬂaﬂngfleyem Idgs fdreeg onémer die s¢Bigehfudter lakier 1%f dibence

vol t age f dine ef thai teatsifargldched ol CRtpositionel dn/bver ohddectiically inkealakingdayeend t o
the secondsendokhing ths prehesl weGithR0Ge kgidoAd s hyanss, errheb@&c%&g@ 10B)

of the 11 Bevidlintfifol HANALAL, E%ﬁ&tfﬁf%gﬁiro}l@%bﬁ%%ﬂ?x%@ cuztﬁﬂe& h9g ezgjotgyr?sée The
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appl i %
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t he secongeneaitum fuot 3eaahmfignedsb entmett dl¢ clodesigfhlanthoaigliet! voheger eat ed
driving ségiall unitiecodfibieddo pbiteim thelBindfs o8kt BLEwELthig; thepeRag&Ccei Vi ng
the dri v' 1RHD Bhe trgpe&yelwﬁodeq@tfmﬁ tﬁfeoéohm?v&egw@f foIﬁﬂl%ftﬁg pBlefitib] ode 10
aSSOC} 1;[“0 trQFe St Solt & age %1‘1’&19 %e when L Ap & % el yed g :gvs'tng
si gnal” ha% peravaRte ¥o EOPINe ALY anst er

iTStoval
el ect r odet™rofo4he sesoad sad \lglﬁhta ﬁratnﬁ@rzgﬁée% {Rdtodihe frang %.e&ﬁapd%%w qffile
recei ved lind ofithg tsingfenbleblasdasHe baewbendtheallerk sighab  Chwtavolied voleadet 250 i s
conf i gur e@nt@] uhin stihdull¢saths c@ttrfrenees 250 dall aye dfieing erouwie 280.1 VIHzGon&bpnal

defi ned hs{rcmezstérls ydﬂgueéogﬁaekea%@%cax%ﬁgsignsm&ﬁed% thdindsll @gent transfer

el ectyodes 8. & ; dre'cé’dd”‘%lée % al gl ined, éérc)td@"lgdaﬁl'd"' rg,Si gnal
aSSOC| at e %He ]% O as to

acen [ ans ectro
adj ust t hg 5??&& Bting FiEne éﬁ*ﬁ@fwe@n CifcrRs 35008 porfien gk - WPYNELCLING ¢ he
second drtheidniying seral. anplx the cpatrakvadiage é%ﬁ@r’&mwﬁer‘teéecm e pP agrocieted ned time
shorter tvwidinthehecpeed ddviog signel vhat khesiegriadd dfiddd 2ignAclcer ik figsttvaldd)e
spati al iaWdQipEBt ihefeMedRE vbRgkcd8\thé BrantRL BPRbdA 0 4RbQ4 AL ANtKSdet ect i ng

?ﬁ\e" %%f?%&ﬁ@etd‘%ﬁﬁ@s&gﬂ%ﬂén 4@y %&%ﬁ ARRA Sgnzh%atsq Qéibﬁ&gﬁhee"ﬁ}?é rodes at

erent. tim nal
rof or encd HI “%tr%’??éi; Od*gf%@re&tgdnﬁ e el aitcost ACHY AT R EPROUEN DK si gnal
Furt her, stgne! deferaddly thaflsivingtsiont! detosietedyitheve ebthsiadiacenistropder i ne
defini ng eaectdfeﬂ@yl(bﬁ‘omhbe Gosttdroling/oktdgefiappby 8¢ driviegsignel asstaimde t han t he
period ofwitihehe®tRekof $h@AdhcenCORSERY eRLirYdes 10 dous40RORSE HeHage ShOrten t he
time sphi Ql'ﬁ“férénée%%eé‘notrhe 'Ii‘%é./t' dl%&é‘%gﬁ&leaﬁldrﬂh% sg&ﬁﬁ%ﬁuﬁé QQP&RQG théJ\‘%sﬂ{}é fal well
formed O\(/:gxrre ondlrne I % termme tlme gﬁ} T tg E o otf the 1 xbag
potenti al VEreot regl onassoet AteE WEh }feﬁ) f%éwer gtsr% [01331
45Ther ef ore t he transfer period of electric charges wt h| n t he
char ge- c&#2kd
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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devi ce can be shortened w thout shortening the period of the clock signal.
CLAI V5 1. Adriving device for controlling a charge-coupled device to
transfer electric charges, 5said charge-coupl ed device conprising a

sem conductor |ayer doped with inpurities, an electrically insulating |ayer
formed on/over said sem conductor layer, and a line of transfer el ectrodes
posi t i onedevin¢ cuehe gwirgned wathoiceiorteningghe attiedyofl thy elock signflor mi ng a
potential well within said sem conductor |ayer, and said driving device
conprising: 10a clock generation unit configured to output a clock signal;
and an applied voltage control unit configured to performa transfer
process of switching a voltage applied to said transfer electrode froma
control voltage for formng the potential well to a reference voltage for
elimnating the potential well in order froma first end to a second end of
the line of said transfer el ectrodes based on 15the clock signal, wherein
said applied voltage control unit conprises: a control circuit con figured
to create a driving signal defined as a binary signal having a first val ue
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 received d riving
signal has the first value, and apply the reference voltage to said
transfer el ectrode associated with the received driving signal when the
recei ved driving signal has the second value, 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 adjacent
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 value 30corresponding to predeterm ned tine
shorter than a period of said clock signal, wherein said control circuit is
configured to prolong the predetermned tinme on the
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basis of the number of times of output of said driving signal. 2. A
driving device as set forth in claim1l, wherein 35said charge-coupled
device conprises a holding el ectrode positioned on/over said electrically
insulating |ayer for generating, in said sem conductor |ayer, a potential
wel | serving as a holding region for haolding electric charges transferred
by said driving device, and said h@BAI@/I& ectrode is positioned adjacent
to the second end of the line of said 40transfer electrodes, and said
applied voltage control unit is configured to, in the transfer process
switch the voltage applied to said transfer electrode fromthe control’
vol tage tp A hevihgheviente cvakilligeaichage dewpléd dmicehe tanskr entticdatdre. second
te(r;dt :‘)];ISHt Pe | ![sgﬁi &{arg%%oﬁpteﬁ@@ﬁ%@%xﬁﬁﬁﬁﬁé QG&ﬁiCbﬁﬁ&Geriﬂye;rmepéﬂ wik signal so as
dri Vi S Jgn:})ugb?egeaneglt gt%i%al? AL 96E: ?e}%%@'foq od 3Blover A HGod R P Mayed. A
riving device S5t 6rth in clln I, g{ W‘l&l’&ld‘l . . al
char ge- cotipl elingaliraesferglentiod gy Pes e QRAVE RS CHE 4G S8 aelgg A
5posi t i onbd fonfeyeposatidl whlbEitbiteif jerpiserivatar iy oF: for generating, in
sai d sem conduet diivihgyevice gotpeitingl wel | s each serving as a hol ding régi on
fo_rdhpd di ng e] 86dir detcNRLARS ohBRSkRs eckphya Satldsidnalvamy devi ce, and
sal TI rst boe!ndelx rf)?ieg Lf&?& eocq tr'()lsur99§dntfi|g9fb%.cjco gff_@i@l@ﬁttra{r@fetr@)@oo‘é@@&nd end of
the line of saldtrans

e e oL L el £ P e g sesgod ol g o ectrose
el ect r odeformarethe potentiphwell foym gefarengs wlegs fqy&ﬁ‘gﬂl%@gﬁ té‘efplo:‘;eéjttmé ?Nﬁﬁ Her
process andeafrsmcofict bndisd escopt eeksishe dind o5l trappier elgctyerdos dgeedcdnt r ol
unit s copfdgurashal,o, in the first transfer process, 15switch the voltage
?EPL:_ ggcéovzﬁ%gergfna%ﬁ &5 H%liszgftﬁébd&)nhropﬁﬁhﬁ b&ns@Rkrol voltage to the
of said transt %q%%@h éié‘?‘{i g?élsﬁgr%s@ettaggeﬁ% %ghg%ggg&lgll &%eﬁ%%&%%@ig}i‘alt pe Iine
( . : . . so . as tg transfer the
el ectric buurgadiretoraden tRddFUEPRG Ve f%ﬁa&}blLrﬁgéﬁﬁﬂgﬁqﬁ%detaél dsoélit%f&fﬂ Fst hol din
el ect r odegreated driving signal; and 9
20 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
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,
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.

2. A driving device as set forth in claim 1, wherein
35 said charge-coupled device comprises a holding electrode positioned on/over said
electrically insulating layer for generating, in said semiconductor layer, a potential
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
40 transfer electrodes, and
said applied voltage control unit is configured to, in the transfer process, switch
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



said applied voltage control unit is configured to, in the second transfer
process, 20switch the voltage applied to said transfer electrode fromthe
control voltage to the reference voltage in order fromthe second end to
the first end of the line of said transfer el ectrodes based on the clock

si gnal sonA&nk@edis@ansfer the electric charges to said holding region
corr;aspoRdi ng ][O sai d second hol ding el ectrode. 254. A driving device as
set forth,in claim?2 or 3 ereiin said cantrol circuit is configured to
adj ust va?f'ﬁ\e%“‘,@flgg}é‘fl‘ée %IsrSie\,'}ifo\r,‘lf\,gl_j HYHE 5 GIVER to said respective t?ansf er

el ectrodes t@a{dﬁé‘aﬁef“é’ﬁp\?éldﬁ@%F‘%ﬂﬂrﬂ%ﬁﬁg‘éﬁﬂW spoond delidRis et deBnml et i on of

t he triansfeitiopedowsser B06elearigrlinvinpgatiey lager &g gerdrafing tin siid any one of
claims 1 dotnidbnd WSF RiyBr, potentiab@bltk Q@R s6:@ingCdsrChiilding Segionfrguidtas t 0 keep the
predet er mined. L/ CORSHARL by ELASRECHRVRE, ddhe nunber of times of output

of said drivi ng fSIQQG}!Y 3§6t ﬁ\ dr i ving Cijea/.l ce.asusel fardh Jefany. gne of
claims 1 to S5*™WHE & H &4 G Cont o et “Conpri‘ses ne * Vg %i%ﬁoay
circuit cuirgusteelegryerer™dte plural tini ng signals delayed by the

pr edetler mi nedatdi sseond holding electrodegis pysitipmeasridzare by thi deshi endebitd drrdd to
synchr oni el oagsfef elsardieplatdal tim ng 40signals with said clock signal; and

a driving sigRal, .968epakéRRomblical 4 i &0 BhhglF BrbcER Hanedead Rl sahdedri vi ng
signal s frg)rrOC %glaql respective transfer el ectrodes based on said plural timng
signal s, ‘an s’gl & e a(é circuit con%)ri sSes ral dng ay, el ement s connect ed
ol Seal oy AR BRDR Ak ER e Peo Ranr PO SHE SR Sy R mput ¢ ed
by colbst afvtitchithe veltagespplieptn saiheapdeygledrmdedrogh e control Yligep (@ H§ devi ce as
set fort hrefaremnyobag: dforddralicors the figt Bpd whithe @peond &ind o€ Bretlime| of siidcui t
CONPr i SeSgransfer eléttRABSFasc@IRIRE 816k il s6aftd Gunigdel the eM@asUtRr@sphase
Sl gnal - s TOMEETo S forel bl 1 e st it | cast

; . . . at | east one
of a phase _ofsa’élaaipﬁhf‘%l ?{%L?ag,gﬁrcf’{}tiri uns}?lgsr?g?ﬁ%ﬁ%&po’ Bngsees e%%n%fté?%#? cand ’dri vi ng
si gnal® suvtitdhrae V@lrvfegeﬁm&%d&ﬂsraﬂ‘g?réﬁ%%r ?lgctmﬂ’@%’f%g‘re gty b@@&&ﬁ%ﬁ}ﬁ ned
val ue. 108feréncspaltigd injorflarineh itonsedetdeeotd taghel fvitcad obrhsrlingi dgaida | i ght
em tting sousfaelcontbghsed ohahedbik dipghto hotatrhmigethe spate changdsagi ng
devi ce canfi gUARY rtOok €62 HEnding RS fill QR A8 ludI I8 tRRBCE; and

25 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
said respective transfer electrodes to the first value simultaneously in response to

completion of the transfer process.

30 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
irrespective of the number of times of output of said driving signal.

35 6. A driving device as set forth in any one of claims 1 to 5, wherein
said control circuit comprises:
a delay circuit configured to generate plural timing signals delayed by the
predetermined time;
a synchronization circuit configured to synchronize one of said plural timing
40  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
each delay element is configured to delay a signal inputted by constant time and
45 output the resultant signal.
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a processing device configured to create information of the target space
based on a relation between the light emtted fromsaid light emtting
source and the light 15received by said i magi ng device, wherein said

i magi ng devi ce conpri ses: a charge generation unit configured to
generate an anount of electric charges corresponding to intensity of the

light fromA bevihatggte SPREKrtl@Nany one of claims 1 & & RMQ&ncoupl ed device

configured t%atdrc%gtsrfle&mgl%ecoﬁl ectd.ic charges generated by 20said charge
generation unit, and said char gezcoupl ed devi ce Coni)lffj ses: a sem conduct or
a

layer doped iKY FRRATPBINIAANEFEEL F9 RERIYC FREATET RGP FQYEP Cbidied

on/ ovér sfastidyeink sigmabiendyaid ageend dyigpeg signali and a line of transfer

el ect rodes posihingneihsomntoverit saifgueddaotadjusahl lgastnsaloft iphgsd dyseid fASF or
form ng agpRLeRkhAl andel phadk bhidid s@bad 38Mng ARAUCERh thay®k phalddifference Sai d

processi ng i(ftgl\c{jilc% o%?d@&ét@ﬁﬁin@d ggliug_i ng device for controlling said

char ge- coup evice to transfer the electric charges generated by said
charge generation unit, and said driving device conprising: 30a clock
gener & i oh AuipiatiabigdPgdioadletestipg piite @rBrEEIe’ si gnal ; and an applied vol t age
control unit adoht egutted sbarcpeorifoumdtoenanlartopriecaes spaak; swi t ching a

vol tage appl ix@dmb@ing@ietict caigiuedd ®lreativcadet ffoamba tamat solcevald age for

form ng the pofgntiial (WELd cdu@qfrdath BFaNES ftRlatBR6t fiRltaflct B NBLLAY dhe
pot enti al e nd end thei1 l'i ne of

|1 d f B t d .t y .
said tr anas]\fAéZar*tloé‘: bgeé‘??t%ﬁt@l% lggg]%%lt&éﬁirf?%% S%l%olffgg’t gﬁn{szjtglglg soynte pad the ity appl i ed

efein sa
vol t alfe AT Pyusfid irpasipe l98%: a control circuit configured to create a
driving si gnathedefismddmasing dsivivacymeiigpsal having a first value and a second
val ue for eaahhhr@nghenteheaitrodfgand toginpuite thancneabbdedrit vhaigesi gnal ;
and 40a diol Msgihdfle 6 YhfenGiOnbi t@ENied: £0m tHPRN 0P EN LAY the driving signal,
apply the C.Orelxtc'ilm voli \tfige %Ifigu}erd"%g%tfa ?!t}?ecélgcqggcmgﬁi%eg}e? SX\I}) h the

arge:co
rst

;
recei ved drjving |glﬁ%]199§ﬁen O}éle recelve Sf(irl vi ng si gnal

val ue?’ ar?&lda ' FMEH WP Eh@8% ol tage to said transfer el ectrode
associ at ed wsti chhaegerceerled davigy ¢apimigfesi gnal when the received driving

si gnal has t heeswoatdectvalaye; dapad wASsiaipthrcest rol circuit is configured to,

in the transtalelREQGESIns LAY ageSBEARHon/6Nel ¥hidGe Bli@Ralicteefyaednby said
driving si gngly.se e6hake i bdb9RGBhe Lo th 2AhACRRLLIRNRLAL G BGLY Odes

froma fisrs Iving si.gn n sal vin I gnal i W th

the GEher P QPTEHIER BAF eI} VNG G SUETHIHES V6h e o adi st a phase.

di fference betideapeessng devipstomprisgs pgrigingrigricady cenfralliggéaild drivi ng si gnal

to a val ukabrovnelspdadiant trongercde telecriqmdrdes genahtdtborsaidhdrrge peri od of

sai d cl ogknsi@Ralunitwhed ei n said control circuit is configured to prolong

t hga pr eqejt er @H&%ﬂivﬁﬁé@ev‘?& c%&%ri@ﬂx%i. s of the nunber of tinmes of output of

sai d B%r ving ascﬁo%p%efleration 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
order from a first end to a second end of the line of said transfer electrodes based on

35  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
created driving signal; and

40 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
received driving signal has the second value, and

45 said control circuit is configured to, in the transfer process, delay a second
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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,
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.
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