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1° 2227391 CHARGE- COUPLED | MAGER The.present invention relates generally
to an electronic shutter for a charge-coupled i mager of inter-line 5
transfer type, nore particularly for a charge-coupled i mager of inter-line
transfer type suitable for use with a video processi.ng apparatus such as a
machi ne-vi sion in which an el ectronic shutfer is>8eHteSFl8d=by. varying the
effective charge accunulating tinme of a charge-coupl ed device (CCD) in 10
whi ch man's visual sense is n@GHARGEMEGQUPLER IMAGER on also relates to a
char ge qeypled | mager incorporating such a shutter. Japanese patent

appl i cat¥on- nunber 61-252375 descri bes a solig-state I mager, in which an

el ectronic 15 shutt edhes Br&send, invgntiencxplaters gererelihd &R trical ly

colnt ' ol | edepetbevhie Bhutascdoms uitditirgéncoupled dnagey oShititer-Idiea
soli1a-s

atg_imager, .the expasure tine pof_the.electronic sh r is;
cont r ol T odbEOPRAFE: K4PE TRES PR IR LA RE, 56T & Sheron aoMpIed Juager,
20 or chargf antemnlldinend ramgifer dyre chaigabteufbed usey mbidh Bheviddaw ge
accumul at rbeﬁkgﬁnghaég%ﬁ%%'@@éﬂ% r£%§{3h&'ﬁet-w%ifo%r rjt‘iﬂ dﬂl%t?‘éﬁr?m to a
vertical regrster 1n response to a sensor gafe pulse. "I'n other words, the
duration ialeRtERNdRe shuskier ds t%@?ﬁlﬂ-%‘g byl varydngnihe effegtli¥he next
25 sensor gphegBUhgeumtilaltined infe EPrLSER4LFeatoupd edX @Rsiiice tiawp pfih he
shutt e an itEls exposure S%PE can be varied. Fgaure 1A.t%,1%1g Eé;%
acconpg%yi 88 afiPRgE XFEAMISRPREHAT 70 IRPERSHer erBifc HNTHTRP Cin
expl ai ni ngrehabper &bi an chargee civpledicinagérdivkorporaitdnghisudd .a A 30
sensor gatghpulse as shown in - figure 1C is generated in synchronismwth a
vertical synchronising signal VD of figure 1A, The charge accunul ated is

transferred from a sEpPBNeSE Pafant @EPLIEGRELeR PHMPELHAISEIL the sensor
pul se suppiésdribast besoluldserare Meyger nihi ghiea 1Bnaedectronic

15 shutter is used so that the exposure time can be
electrically controlled without a mechanical shutter. 1In
such electronic shutter for a solid-state imager, the
exposure time of the electronic shutter is controlled by

. varying a time in which a éharge is accumulated in a sensor

20 or charge accumulating region of a charge-coupled device.

- The charge accumulated in the charge accumulating regiom is
transferred therefrom to a vertical register in response to
‘'a sensor gate pulse. In other words, the duration in which
the supply of the shutter pulse is inhibited and the next

25 sensor gate pulse is applied is represented as the exposure
time of the shutter, and this=eXposure time can be varied.

} Figures 1A to 1E of the accompanying drawings are
timing charts to which reference will be made in explaining
an operation of the above described electronic shutter. 2

30 sensor gate pulse as shown in figure 1€ is generated in

| synchronism with a vertical synchronising signal VD of
figure 1A. The charge accumulated is transferred from a
sensor to a vertical register in response to the sensor
pulse supplied. Shutter pulses as shown in figures 1D and

35 1E are supplied to the charge-coupled imager in response to
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are supplied to the charge-coupl ed i nager i neT esponse to 2. a’e

. hori zontal synchronising signal of HD of figure 1B. " Wien t’he shut'ter pulse
is supplied, the charge accunmul ated in the charge accurul ation region is
- delivered to an overflowdrain (OFD) of the charge-coupled device. The.
- shutter pulse is 5 not generated in the charge-accunul ating period so that-
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the charge accumulating time.

In this prior art charge-coupled imager, the ..
ending time of the charge accumulating time is fixed and the

starting time of the charge accumulating time is varied
There is then the. problem that, when a. cameraman takes a
picture in a high-speed mode by the use: of so-called machine

~vision or the like, the cameraman can not’ capture an object

~while the. charge accumulation is started Further, in a

25

30

35

still camera or the like, the shutter speed is- determined by -
varying the ending time of the exposure time. From this
shutter standpoint, it is natural that while the charge

accumulating time- is determined the -ending time .of the ij‘d'

charge accumulating ‘time is varied which is particularly
desirable for a video camera apparatus ‘such as: machine--
vision or the like. _' ' o : e _

Furthermore, it is proposed to vary the ending
-time of the charge accumulating time by utilising a charge-
coupled imager of a,so—called frame_inter-line_transfer-type
‘which is the-combination of the inter-line transfer type and
the frame~transfer type; ‘This preViously proposed technique
_costs very much.. g SR

Accordingly, it is an obJect of the present

>
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cdupl ed i mager of a so-call.ed frame inter-line transfer - type which, i s:'t h'eZ"
conbi nation of the inter-line transfer type and the frame-transfer type.
Thi s previously proposed techni que costs very nmuch. 35

Accordingly, it is an object of the presept_ -3- invention to provide an
I mproved char ge-coupl ed i mager of inter-IT7ne transfer type which can

el i m nat e el he. s : ' L b LA 3 Alabe rdi ng
to the p?’érg%%{lelgﬁf\}eﬁtbi gr];'% %Il%g %nlesq gr Y (ﬁ&:%f@e e?g’é??%% (}ﬁ‘sﬁ?&t{\?f or a
char ge- @)ﬂéﬁrlfﬁﬁeir&ﬂw itipe GMich i 061 PRYRheE brageaule itHer - ine
transfe™type including a charge accunulating region for accumul ating-
charge caiéeseesdefgounteredNeiiddnttid P¥io® &gl n region, control neans
for controlling the discharge of said accunul ated charge to said drain

regi on, and reafeebrdingnto nhlelpresertarigevénvich or theses ikopricsddiad ant
sai d accumul ated charge and for generating a video signal corresponding to
sai d dEcueleatednibashattely) fort @ gErge-raipleduinager ceompxiiisdngs n use,
is 15 supplied with a trigger signal;. (c) a shutter speed setting data

i nput terninal,(ahiahchnrﬂgepqusiﬁﬂnﬂmasﬁnmQf\%mmﬁte ipgetransfiemEynre a;
and (d). timng_signal generator neans arranged to_be supplied with said
trigger SHRGHRAARE JarhaIgs ASCWREAREINY (¥oFL et fovoacsHRud st iish ShardRy

| SSPonEE:thenotd a0t L 0G SRl AR, |2 SR chaLgs; coupl et reoer
oL AR R PR s Rl Ve 28 H S AERN SALLI00
gengr 9§ 0re 8230541 Aralf N Fedildtd AW ULt eS8 SiABRhaing charge
transfer means for reading out said accumulated charge and for
generating a video signal corresponding to said accumulated
'charge;
(b) a trigger signal input tefminal which, in use, is
15 supplied with a trigger signal;
(c) a shutter speed setting data input terminal, which in
use, is supplied with shutter speed setting data; and
(d) timing.signal generator means arrahgéd'to be sﬁpplied
with said trigger signal and said shutter speed setting data
20 and for generating in reséonse thereto a timing signal supplied
to said charge-coupled imager such that said charge -
accumulation starts in sYnchronism with said trigger signal and
lasts during the time determined by said shutter speed setting
déta, said timing signal generator means including horizontal
25 pulse generator means for generating a horizontal pulse signal
having a horizontal scanning frequency, vertical pulse
generator means for generéting a vertical pulse signal havihg a
vertical scanning frequency, and clock signal generator means

for generating clock signals from said



having a horizontal scanning frequency,. vertical pul se geney at o n:e'an’s:'fdr .

generating a vertical pulse signal having a vertical scanning frequency,: .
and cl ock signal generator neans for generating clock signals fromsaid
horizontal and vertical pul ses, said &~ock signals being supplied to said -
charge transfer neans; and said timng si.gnal generator nmeans being '
ar r anper iizorstaje randt eexticadt ppdises,i saidottock ssighahsshiedng i gger.
signal, said first pulse. being supplied to said control neans to di'scharge
the aévPRiiREtensrid Fhargpdtapasfernmeans atah@ region to said drajp
region and to generafe a secopnd pul se.in synchronismwth said ver’ti‘?ﬁ#

pulse, the fFAhEHriRG; 8igpal, geperatar, meant being: aFFrREsDFSaid -
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| mger ~according to the prior "art, respectively; - =

‘Figure 2°i1s.a schematic

bl ock sginkgifon 410 W th a8a 84 ¢ageieal pulsehatlys-€duphgdonaadia according -
to an enbodi nent of the present invention; Figures 3A and 3B are tinmng-
chort verdida X hpwl sefleebngedetkerninedndy isaBkptrigger adgapdr alndrsaidt he-

char ge-coupl ed i mager of figure 2, respectively;" o
shutter speed setting data, said second pulse being supplied to \J

said read—out'méans to'read-out the accumuléted charge.
The_invéntion Will be_furthqrgdgécribeq_by_way of non-
limitative'example_with reference to the QCCompéﬁYing'd:awihgs,.
15 in which like refergnce numgrals_are_ﬁsed to identify the.saﬁe-
or-similar-paiﬁs.in the several views. In the draWinggi- -
|  Eigures:}A1tQ:;E;a$e timing charté ﬁo_which reférénce“
will be made in_expléining ;n.gge#atiqn.of é'chargefcoupled

imager according to the prior art, respectively:

4
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Fifgures 4A to 4H are timng charts to which reference will be nmade in
expl ai ning an operation of the charge-coupl éd i nager of the present
invention in the real 10 shutter node, respectively; Figures 5A to 5C are
timng charts to which reference wll be nade in expl aining an operation of
the shutter used in the charge-coupl ed im&@er of théeé present invention in
the I ong exposure node, respectively; 15 . Figure 6 is a block

di agram showi ng a coffdgeire éxadslae schematicubloakr diggmam shfovelrgyran -
gener at or gj ' djen fi ) 53@5 kg 20§ i m showi ng
a concrgfbgt?ggg%ngﬁrgg gmgﬁgiﬁéiﬁma |é§réﬁ%a%geaggﬁgbg% rqﬁﬁggﬁit of 20
figure 2, eRaoddmeptcrLr arasent |imeengHenin expl ai ning the -operation
of generating a shutFegupdss3a AhEEPHI@Ntivinghehakesekc whiid i on wi | |

now be described with.reference to fiqures.2.10 7. Fiqure.2 sh an

Overal I3 arFeraErRAe Bt Be S i b a1 Reg  fnnoPAERE10p0 B2 T

char ge- couphadgdecoupledCimabers gf ddgiecke t 2, geespactiveliyyager signal ; and
this imager signal igs d: | P91 R e | EQULA 323 AN Out put
of the inmage processg%a%%%%ﬁi 3R¥§ﬁ?éﬁa?o aniggtggg&Fgr%?ngﬁl F’ A'trigger
signal is Epperenceowidl heumade icexptariningdancaresakiop,@f the
(synchr oni shaggedenapaed imaghte o thd PeeLéRt Sngeneisheina themasl e
synchgf |S|n§ grgnal to b% f ed tq’thq'|nage.processor circuit 2. The sync
gener r %P F58 sﬂBSFVe§'§3ﬁqﬁ%uf*Xﬂse generator circuit 6 with vertica
and horizontal synchFdgugiesg 58 doal5C ate Bbningi chaptibssogwindict or circuit

6 generat efe?éfééﬂt‘é ﬁ&hie%e madeH'Sth GSkp Pa fh PG 88 gﬂbigti% _EHHY | ng
pul se to be ted to the I nmage processor circult>2 and a_drive pul se, a
senge# shutter used in the charge-coupled imager of the present

. invention in the long exposure mode, respectively;

15 - Figure 6 is a block diagram showing a. concrete
example of a circuit arrangement of a sync generator circuit
used in figure 2; and ‘ '

Figure 7 is a block diagram showing a concrete
circuit arrangement of the timing pulse generator circuit of

20 figure 2, and to which reference will be made in explaining
the operation of generating a shutter pulseQ _

An embodiment of the present invention will now be
described with reference to figures 2 to 7.
- Figure 2 shows an overall arrangement of this

25 embodiment. As shown in figure 2, a charge-coupled device
(CCD) 1 is provided to generate an imager signal, and this
imager éignal is processed by an image processor circuit 2.
an output of the image processor circuit 2 is fed to an
output terminal 3. A trigger signal is applied to an input

30 terminal 4 and fed tQ'a sync (synchronising) generator 5.
The sync generator 5 generates a composite synchronising
signal to be fed to the image processor circuit 2. The sync
generator 5 also supplies a timing pulse generator circuit 6
with vertical and horizontal synchronising signals. The

35 timing pulse generator circuit 6 generates various pulses, .



gate pul se and a shutter pulse to be fed to the CCD 1. The operatlon of the
illustrated embodinent will 5 be described with respect to three nodes, a
restart reset node in which a vertical synchronising signal VD is generated
in synchronismw th the application of the trigger signal, a real shutter
rmde in which a starting time of expusése_tl me (charge accurrul ating tine)
Is:: fixed and the 10 ending tinme thereof can be varied, and a | ong
exposur%lfm)c@st nawhiahpingo pylsepeng @ |Sﬁmmhm§)®%l$¢etoabamfleld )

descri hah "Di£gé Ubtycbakek- c%eele P e SHONE, 1 B tstegwoe 3A @
applied to the s enerﬁtor the é?ééﬁ%ermnal "47in 15

restar tgar%é?uzh%%eat‘ eqs§ Z:'t&@ﬁelp st GRe FER 1synchron| si ng
Si gna: VD shown mhélgpeeaﬁﬁionnoia’.yltgie drmﬁm'dﬂ‘aetrea&m émbodimena Wulgﬁer ) '
-sig t t he tlntng
geng(ra1 at}:}?%é%}%&“{;?gﬁf r%%‘?t% %Q It% thq:'teeer(r?nn na '4 t[‘%{égr&é‘aF%g% ter node, .

‘the ti magg pin s&geheaavertépaéuiswnekmmam ﬂ#g@hc‘ﬁﬁohssm with the

triggelgetiditited L1 Q@cﬁr&haemomtshlttteeraﬁwls&meofutﬁe trdglyerS
narrow S_shown in f# §£§§§4D an 4 Thi s shutter i%se of narrow pul se
h

wi dth P5908oi e k82 PEi Rge H'é‘ $PiGh & Bh et 1Re ukilgt Pig ti ne.
(exposwxpdsurs .tifhe | echaegeyaccgmu&ammg d:lmm) tisB Bipedi andt khet i M ng.
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30 Thdm. wMe:huanl@nouespogeﬁer dsomagier mas@]@nea%tt‘eslllhesynchromsm :

Wi th tt@s\@g,tﬁé‘@lméy@cbﬁgmyslageg gnal VD a sensor gate pulse shown in
figures 4C and 4F Thi s, sensor e is fed to the.CCD 1. The sensor,
Alehelc by

gate pulse is ti rt%e‘?oaof:ﬁ&ggﬁﬁ A FATUES ndPt LRe (exposure\ﬂd
tinme) e:p;ﬂered rtafoelche sync generator 5 from the- J.nput terminal 4 in

15 the restart reset mode, the sync generator 5 generates a

vertical synchronlslng signal VD shown in figure 3B in

synchronlsm therewith. ' S .

, " 'When a- trlgger smgnal shown ‘in flgure 4A is

applied to the sync generator 5 and- the t1m1ng generator
20 circuit 6 from the input terminal 4 1n the real shutter

mode, the tlmlng pulse generator circult 6 supplles, in

- synchronism with the trlgger s1gnal the. CCD 1 with one

shutter pulse whose pulse. width is narrow as shown in

figures 4D and.4G‘3 This shutter pulse of narrow pulse width
25 _indicates the starting time of the charge accumulatlng time .

(exposure tlme) ‘While: the sync’ generator c1rcu1t 5 -'.,' f‘sd.

supplles the timing pulse generator c1rcu1t 6 w1th a.

vertlcal synchronlsing signal VD shown 1n figures 4B and. 4E

with a predetermlned delay time. from the trigger slgnal _
30 Then, the tlming pulse generator C1rcu1t 6. generates, in ;:.

synchronlsm with the vertical synchronlsing signal”VD__a .

sensor gate pulse shown in flgures ic. and 4F. This sensor :

gate pulse is- fed to the. CCD 1. The sensor gate pulse 1s_b

timed to occur when the charge accumulatlng time (exposure
35 time) is termxnated



Whil.e in the aforenentioned restart reset node the vertical synchronising
signal VD is inmmediately generated with the "application of the trigger
signal, in the real shutter node, the ending tine of the charge
accunulating S time (exposure tinme) is varied by delaying the vertical
synchroni sing signal VD by a predetermni nedydel ay tine; thus making it
possible to provide an el ectronic shutter 1n which the exposure is started

with the applicati Onwailbf '1%9%fhé'a9£@£ezﬁé}¢tfoz§£'dti—@étﬁ?&eﬂ'eb%tchﬁiwctﬁé’
varying the en I me .of the exposure tine. ong

exposuré’*n‘ﬁ?i%t%ﬂ§95§¥8° ERBiRiSg SRt fEois PupediarelynoRrerAbad
si gnal i n witischthei appiichtion tdﬁilﬂﬂélg;xambéﬁaﬁig@ahdgm het r@dl i gger

31 anal (seghliaus endAl 0B 2ldi0d IBdRE LELTIRRLGE, abliEm aeield |

synchroni si'ng_si I nser erlo erio en the

trailiny ofkme eé%l*ﬂgsléagefrlmﬁ)t He taxiRd lwgi@layam@ hh@kﬁ&r&ri@rlopped as

shown in fagne Eréﬁasm?r s@gnhhewmaﬁlﬂ féd@téﬁi@ﬁﬁe@taéhhy kakleS ithus
range of fr n]theﬁira

t he t I,
Chereny + ARG thrBoRPasLe’ ety 90 3 qlenrtosleidfbeisiin ey .
concrete cthe:mkpasuaegdasestam‘ftetdww@d;mruppalmaislenomﬁ triggeum e 2.
Ref i
to an | npt SPi B noeoBpptRRE SPUNH B et ) ardihothngl chiilly *)
the NTSC stimenef other exppsupee timegquenci es woul d be used with other TV
si gnal standards SUCﬁhQie"&\h ahé AemiMe p%éi%@tt@édélthé 9 A @%et&wnt

2t an out ptISIEER tRRr SO La6a IS myRAH TGS 0 AL oL uPYBCREA Ao al

fr eguéncy witBltKe ktailihe andnu.@adhhg sedmtoi)ytlw triggéerssdegaal her eof

when it colpls f11€,£L06K)SLERT W 3P ¥nd I ¥ dminal 4, the

15 vertical synchronising signals, inserted into that period,
or the period between the trailing and leading edges of the
trigger signal, are masked or dropped as shown in figure 5B,
whereby the exposure: time substantially falls in a range of
from the trailing to leading edges of the trigger signal,

20 thereby the long exposure is made possible.

Figute 6 shows an example of a concrete circuit
arrangement of the sync generator 5 shown in figure 2.
Referring to figure 6, a clock signal of 14.31818

MHz (4 fsc) is supplied to an input terminal 10 if the

25 1imager signal accords, for example, to the NTSC system -
(other suitable frequencies would be used with other TV
signal standards such as PAL and SECAM). A counter 11 is
provided to count 455 times the clock signal applied to the
input terminal 10, and generates at an output side thereof a

30 signal (2f4) having a twice-horizontal frequency.of
31.47 kHz. The counter 11 is reset by an output signal
thereof when it counts the clock signal by 455. A frequency
divide-by-2 circuit 12 is provided to divide the output
signal of the counter 11 by 2, and generates at an output

35 side thereof a signal (f£4,) having a horizontal frequency of



di vide-by-2 circuit 12 is prOV|ded to divide the output S|gnal of the
counter 11 by 2, and generates at an oufput 35 side thereof a signal (fH)
havi ng a hori zont al frequency of 15.73 kHz. The signal thus obtained |
therefromis supplied to a waveform shaping circuit 13, and is thereby -
wavef orm shaped, which is fed to aﬁ—égtput term nal 14 as a horizontal

synchroni sing signal. The pulse width of .this 5 horizontal synchronising
Si gmalt 1ssvebmtz 6 @ms FRFRED nﬂ@us%ﬁ@éﬂhéd %iézsﬁerdiylmcs& diggded the
out pu

c gnal of ounter % g ou Réfr ener tes at an
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r ter. ter is
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15 18.  The inpyt cb%rr{t‘élahslsis SpRvLgesedot Ei%ifdé&thfé)rE@t?éugoa of a

switchin it 20 via a feren ting -circuit 19 i'ch generates a
G orehdna Lt bhee GaRE R b E s a8t 1 ThE CRURtSE Lo Behatr Eeesaoen of
t hczaot ra'ggen ougpalt’ shide h?ferédil@ anpettieali syhch&arﬁ.sm-rmd eignali rectly éo
a n c u 2 connecte '
a f‘féé c%%t %cgsfg%l%i% %eiﬂééﬁimﬁg&él ?’éﬁ 'ltts'.‘fo%ul%a ‘%/%%tl?ﬂab?e del ay =
C|1QU|th2§ vRstdcadl synchnonising 9hgnal by aboms: 5312 speed setting si-gna

\gﬁgl ch méiﬁoeecéaaerl betziédialtaeu ébcaganeohﬁeatnah (Qlﬁeplﬁoﬁr%é&nﬁb% o]f tA RE o
ot bl o, At AL e B LR SR R tﬁr%
an i nvpulses24£ft the bmtgﬁtxsﬂgn&lZﬁﬁ.theaceuntem Ag .
A trigger pulse is applied to an input termlnal _
15 18. The input terminal 18 is. connected to a fixed contact _
20a of a SW1tch1ng circuit 20 via a dlfferentlatlng circult
19 which generates a dlfferentlated pulse in synchronism
with the tralllng and leading edges of the trlgger signal.
Further, the input terminal 18 is. connected directly to a
20 fixed contact 20b of the switching circuit 20, and is also_n -
connected to a fixed contact*ZOc of the switching'circuit 20c e
via a variable delay circuit 21 whose delay time is ..
determined by a shutter speed setting 51gnal wh1ch w;ll be _
described later. A common terminal (output terminal) of the"”
25 switching circuit 20 is connected to one—lnput terminal of e
each of AND. circuits. 22 and 23. . :
Furthermore,. the 1nput terminal 18 is: connected
through an inverter 24 to- a fixed contact.25a of a sw1tch1ng .

circuit 25, whereas fixed contacts 25b and 25¢ of the

30 switching cirduit'zs'are'connected'together and then

| grounded. A common terminal (output termlnal) of the
sw;tchlng c1rcu1t 25 is connected to one': input terminal of -
an OR circuit- 26, whereasntheiother input terminals of the
OR circuit 26 and the ANﬂ circuit chareiconneCted to the

35 output side of the‘counter.;s. -~ An output.terminal.of,the_OR



crrCU|t 25, whereas fixed contacts 25b and 250 of the 30 switching circuit
25 are. connected together and t hen. grounded - A common term nal (output
terminal) of the switching circuit 25 is connected to one input term nal of
an OR circuit 26, whereas the other input terninals of the OR circuit 26
and the AND circuit 22 are connected to. th out put side of the counter
15. ~ An output terminal of the OR C|rc t 26 is connected to the other

A o rcu 5L 2848 Rolbibels B, Hf et cfapi pehrhInRL E Fod

AND circujt IS connected through a mave orms ? ciLrcult
out put tErMRaFizeuit 23, WhereasTﬁ?QmﬂQQﬂﬁﬁgt%¥m%%¢ sOf0othRdAND are

changed i rb-.oﬁéuitonsl is’ esRABSE 0. teh A have FErf-gRapingoeidewin €, in
the | ong exposure_np h% smnt 'CIrCUItS 20 and 25 are connected to
180F4 o "S5 Eruhq Eedtls |

the fixed Ac?R 98 restart reset node, they are
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circuit 224® &BereRAGCEiteudt 25' §8Cilgrutitda SPid hatfiRedcesntaetls is

reset. The ggunte& %ge common terminal of the switching circuit 20 is

15 connected to its fixed contact 20b. Thus, when the trigger
signal (see figure 3A) is applied to the input terminal 18,
the trigger signal is supplied through the fixed contact 20b
of the switching circuit 20 and the AND circuit 23 to the
waveform-shaping circuit 16, in which it is waveform-shaped

20 and provided as the vertical synchronising signal shown in -
figure 3B. The trigger pulse, passed through the fixed
contact '20b of the switching circuit 20, is also supplied
through the AND circuit 22 to the counter 15 as a reset
signal so that the counter 15 is reset. The counter 15

25 Dbegins to count the output signal of the counter 11 from a-
time point in which it is reset. When counting the output
signal of the counter 11 525 times, the counter 15 generates
a count output. This count output is supplied through the
OR circuit 26 and the AND circuit 23 to the waveform-shaping

30 circuit 16, thereby sequentially generating at the output
terminal 17 a desired vertical synchronising signal of a -
predetermined interval from the vertical synchronising . -
signal. ' ' o

In the real shutter mode, the common terminal of
35 the switching circuit 25 is similarly grounded via its fixed



25 begins to count the output signal of.the counter 11 froma tine pointhin
which it is reset. Wen counting the output signal of the counter 11 525

ti mes,

the counter 15 generates a count output. This count output is

supplied through the OR circuit 26 and the AND circuit 23 to the

wavef orm shaping 30 circuit 16,

output termnal 17 a desired vertical synchronising signal of a
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by the trigger signal, are-generated when'the,shutter speed’
is 1/250 second and 1/500 second. From figures 4B and 4E,
it is clear that the starting point of the charge |
accumulatlng time is fixed, while the endlng p01nt thereof
can be varied. '

In the long exposure mode, the common. termlnals of.

the switching CerUltS 20 and 25 are respectlvely connected .
to their fixed contacts ‘20a and 25a. When a trlgger signal-
(see figure 5A) ‘is applied to the 1nput terminal 18, this
trlgger 51gnal is supplled to the differentlatlng circuit
19, from whlch there are derived dlfferentiated pulses {not -
shown) in synchronlsm with the traxllng and leading edges of
the trigger s;gnal _The thus differentiated pulse is
supplied through the AND C1rcu1t 23 to the waveform—shaplng
circuit 16, in whlch it -is waveform—shaped and is developed .
as the vertical synchron1s1ng_signal_shown ln.f;gure 5B.

The trigger signal applied to the input-terminalfiS-is_

inverted by the inverter 24,;andqthelinvertedﬁtrigger signal

is supplied through the fixed contact 25a of the switching .
circuit 25 to one input terminal of the OR circuit 26. In -
that case, the level at one input terminal of the OR circuit

26 is at high (H) level so that the_outputﬁsignal.supplied L

-/

v



to their fixed contacts 20a and 25a,, Vhen a trigger signal (see figure 5A)
is applied to the input termnal 18, ‘this trigger signal is supplied to the
differentiating circuit 19, fromwhich there are derived differentiated

pul ses (not 25 shown) in synchronismw th the trailing and |eading edges
of the trigger. signal. The thus differedti-ated pul se is supplied t hrough
the AND circuit 23 to the waveform shaping circuit 16, in which it is

wavef or m shaptbeamdhes Mwmmahmﬁethecaft Gy.m‘clmittmzﬁ iy goke  shown

in figure, aBung@y 1€ il 'i red gnal"hl?@P'ﬂ?Q Bﬁt#J ebﬁgﬁtalt ggn nal 18 is

|nverted by the inverter and the 1 nverted I's supplied

:
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t he count eonlbsi §/6@nsecndlipey; ﬁﬂaidnatnmaxxgumb ap exposand diime masked
as shown }.'of: grbri__ﬂggnglﬂt eﬂ&c{xﬂ%ﬁ |Ie t he exposure tinme (charge

accurul ating trme) nDde or in the normal shutter node
and so on is 1/ 60 se&dg@nser? fise|a takoqhﬁm;alansbswéwr an ie¥ankrye?f t han
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Ref erring genérgues 3, mwuuegg@ulﬁeg].nal (see flgure 4A) is applied to an
i pput term nal Ay q;ro sj_a sgpgkiggegof gg‘hflf etrsfgg I ating
S

cirguit 31 fron115 ch there ve shutt avi ng ‘narr ow
puls wi dthignse é%dnﬁ?eaPPhﬁqgwiﬂaﬁﬂuiQEP%h%%ﬁmiﬁa i §Qre Ah ls trigger

signal is supplied to a differentiating circuit 31 from .

15 which there is derived a shutter pulse having a narrow pulse
width, for example, 1 microsecond as shown in figure 4H.
Note that the charge accumulation;-ie, exposure is started
from the trailing edge of this shutter pulse. The shutter
pulse of narrow pulse width, aerived from the

20 differentiating circuit 31, is supplied to one 1nput
terminal of an adder circuit 32. _ .

The vertical synchronising signal VD is supplied

to an input terminal 33. The vertical synchronising signal
VD applied to the input terminal 33 is supplied through a

25 svitch 34 to an inverter 35 and is thereby inverted. The
resultant inverted vertical synchronising signal is supplied

' to the other input terminal of the adder circuit 32 as a

normal shutter pulse synchronised with the vertical
synchronising signal. The adder circuit 32 therefore

30 generates at an output side thereof a shutter pulse whose .
waveform is shown in figures 4D and 4G. This shutter pulse
is supplied through a fixed contact 36b of a switch 36 to an
N-type silicon substrate of the charge-coupled imager 1 (see
figure 2), and a éharge in the sensor is delivered to a-

35 substrate which functions as an overflow-drain (OFD) region.



Note that the charge accunul ati on, ie, .exposure is started fromthe
trailing edge of this shutter pulsé. The shutter pulse of narrow pul se

wi dth, derived fromthe 20 differentiating circuit 31, is supplied to one
i nput term nal of an adder circuit 32. The vertical synchronising signal VD .
i's supplied to an input terninal 33 [@e-vertical synchroni si ng signal VD -
applied to the input terminal 33 is supplied through a 25 switch 34 to-an
i nverter 35.and &8 o¥éedbthat,dtheshutker, pydseamesdnat & vertical

synchrgét%%raaeal ﬂﬁasyh%hﬁlo??.sxﬁ%i&tfﬁeoﬁQEtlbaguk yriHedind s Mg thle adder
ci rcui S r shu synchr sed’,w e vertical "
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wi dt h.time Erga| ‘é?esﬂ:g‘ﬁﬁlgelrs sd @Rl e £X@N t heingj Péﬁssi as an OFF signal so
thal tiKesétheBugh.i SThd! et ter eiéiitélett\ﬂhél bipRelval iagao 10

syncima s tgeetinaly SRttt ot e Reetclyr oed 06 o) iy
si gnalsignal s(OFF s1gnal), formed by the variable delay circuit .
15 37, may be varied in response to the shutter speed. . . '

In figure 7, reference numeral 38 de81gnates a -
prior-art shutter integrated circult (Ic) whlch makes the
ending point of the charge accumulatlng tlme constant while
making its starting tlme varlable -An output of. the shutter

20 IC 38 is supplied through the fixed contact '36b . of the_ _
switch 36 to the N-type s1llcon substrate of the charge—
coupled: imager 1. o S S _

As descrlbed above, in . the real shutter mode, the

~charge- accumulatlng time is determlned by a. shutter pulse of
25 narrow pulse width, - the ending point. of the charge .
accumulating time is determlned by the. Vertical '_“_' , _'-\JJ
synchronlslng signal and the vertlcal synchronlsing slgnal
can be varied in .response.to . ‘the shutter speed with the
result that the ~ending . tlme of the charge accumulatlng time
30 can be varied 1n response to the shutter speed o

As set out above, accordlng to the operatlon of
the illustrated embodlment the.charge accumulatlon is.
started in synchronism W1th the trigger s1gnal applled from
the outside and the- charge is accumulated durlng a perlod of

35 time determined by the shutter .speed settlng slgnal whereby



supplied to the variable delay circuit .37 so that the delay signal (OFF
signal), formed by the variable delay circuit 15 37, may be varied in
response to the shutter speed. In figure 7, reference nuneral 38 designates
a prior-art shutter integrated circuit (1C which makes the endi ng point of
t he charge accunul ating tine constant Mh|§§ making its starting tine

vari able. - An output of the shutter 38 is supplied through the fixed
cont act Sﬁheofcmmammﬂ&he cherglet apeusilatdngs thiste dtexpdsabe char ge-
coupl ed; i wagen Lar\bdl@nprided a.gﬂé‘fefh?et e neeThatYe-cRiug RAP. 1rhde£har g

accunulkflfg tlne |s det erm ned pul se
e

narro ul se
wi dth, thefeddteFding fotfa!!?n%e%h YBe aécﬁhrm &ﬁvﬁgt@me qan R4 é'i‘?ﬁ?‘r‘.ed by
the verti cmlex@)élm\xmla&@gappm@d tand vhdewvebriotelssiyrc appE s ngs ssgohl

can be varled iy e h t e
endi ng t| 8 &f ShE a?ﬁ'ar%énaa% i a{'g%ég F‘ﬁee’ggcw ggnbtes S'éLr isnéx?%éspgd%se
to the shootemassyaef. As set out above, accordlng to the operation'of t he
illustrated enbodinent, the charge accunmulation is started in synchronism
with the trigger signal applied fromthe outside and the charge is
accunul ated during a period of- 35 tinme determined by the shutter speed
setting signal, whereby the conpletion of the charge accunulating tine
(exposure tine) can be varied. Therefore, the charge-coupl ed i mager of .
inter-line transfer type of the invention can be nmade i nexpensive and
applied to a video processing apparatus such 5 as a so-called

machi ne-vi sion in which man's visual sense is not assuned.
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CLAIMS + * CL MS* 1. - An electronic, shutter forsa €hargg-coypl €d i'jager «
conprising: (a) a charge-coupled inmager of Inter-line transfer type 5

i ncluding a charge accurul ati ng region for accunul ati ng charge .
corresponding to an incident light,-ajfytrain re i impns for -
control ling the discharge of said accu?rlul at ed ﬂmwﬂﬂ“ﬂ;ﬂmmal n region, -
and read-out means including chargecpagms er nedns®for rMeading out said
accunul ated charge and.-for 10 generating a vi deo signal corresponding to
sai d accunul 2t edAnhelgetrdnia shittter Sopnal chapge-ceupled imagér in-use,
is supplied with a trigger signal; (c) a shutter speed setting data ihgut.
ter m reemprhsingicn 15 use, i $ supplied with shutter speed setting data; and
(d) timng signal generator neans arranged to be supplied with said trigger
signal and sé®d 3hgheagesranplad imgemt af ahatesrldactdangfen t¥Bgonse
theretpo a timng signal supplied to, said charge-coupled imger such that -
saidl cHELRA3pg ac g8 i%‘!ﬂ‘h’rﬁ?‘?% ESFLAROEPEARIILLAYLRY | GRR¥ IS gnal

d lasts _during,the,ti det 3 ‘sai d ghutt d tt] dat a,
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10 generating a video signal corresponding to said accumulated

charge;
(b) a trigger signal input terminal which, in use, is
supplied with a trigger signal; |
(c) a shutter speed setting déta input terminal, which in
15 use, is supplied with shutter speed setting data; and
(d) timing signal generator means arranged to be supplied
with said trigger-signal and said shutter speed setting daté
and for generating in response.thereto'a timing signal supplied
to said charge-coupled imager such that said charge
20 accumulation starts in sjnchronism with said trigger signal and'\‘{
lasts during the time.determined by said shutter speed setting_: o
data, said timing signal generator means including horizontai
pulse generator means_for generating a horizontal pulse signai
having a horizontal scanning frequency, vertical pulse
25 generator means for generating a vertical.pulse_signal having a
vertical scanning fréquency, and clock signal generator means
for generating clock signals from said horizontal and vertical
pulses, said clock signals being supplied to said charge

transfer means; and



saidvtining'signal generat or nmeans ,being arranged to «genérate a first pulse
in synchronismw th sai'd trigger signal, said first pul [ ' to
said control neans to discharge the accunul ated charge fmllmmlﬂ’mmmumn
accunul ating 5 region to said drain regil® -and to generat*e & secohd Pul*se
In synchronismw th said vertical pulse, the timng of said vertical pulse
bei ng det er m nediBy tdaiing rsigpal sgegneratod Beanssbeing amangedttong
data, said second pul se being supplied to said read-out means to read-out
the acqliieharagechafdast pulke clnceyBrhECBAGM Withic 8@ kFigger ashgnal,
wher ei n<Sai d vertical _pul se generator ans ingludes counter neans for

count i ng®a uF%EsgeEﬁﬁﬁﬁ;?ﬁ}@%j%uﬂB}if ngalSP&PSE:&?TT?Nm%ﬁﬂérE?ing apd
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output of ﬁéh.%ﬁﬁ%g\t %{iHiPaéE'&‘r@e{:EchYtBHisQf ;gbdt\ﬁ{i'ngo'&fd& fy neans,

sai d reseY st gnal being supﬁfled 0 sai d resef termndl , and wave

shapi ng yBaR3che’ ptiiaf rﬁéi;:ﬁ gc%é'@éfiaiﬁéﬂnﬁg EaiacReiggers U iyn#l LARd! said

pul se. 3. An elecironic sh constructed and arranged to operate
subst ant sRlt¥eds sheled Butitiny d2sta| bedidi scbalicpanee iy sdpplied to
illustrated in Figures 4 to 7 of the acconpanying 25 drawi ngs. 4. A
char ge- csaplicttendngat meamiporat regdaout! ther accomalattiedy chaegeli ng to any
one of the preceding clains.

\49 2. An electronic shutter according to claim 1, wherein

said vertical pulse generator means includes counter means for
counting a pulse relating to said horizontal pulse and for
generating an output when a predetermined.number of said pulses
 have been cpunted, said counter means having a reset terminal,
15 variable delay means for delaying said trigger signal by a -
.duration determined by said shutter speed setting data, reset
signal generating means for generating a reset signal from the
output of said counter means and the output of said variable
delay means, said reset signal being supplied to said reset
_k4b . terminal, and wave shaping means for shaping said reset signal
to generate said vertical pulse.

3. An electronic shutter constructed and arranged to
operate substantia;ly as hereinbefore described with reference
to and as illustrated in Figures 4 to 7 of the accompanying

25 drawings.-
4. A charge-coupled imagerincorporating an electronic

shutter according to any one of the preceding claims.




