2123633 DYNANIC CCD. | NPUT SOURCE PULSE GENERATI NG CI RCU T The present
apprl cation relates to charge coupl.ed device (CCD) input ci rcwzizﬁgjgd @

pacticularly to those of the "fill and"spi'll" type. 5
patent no. 3,986,198 issued Cctober 12, 1976 Llp_Valter F. Kosonocky
describes a "fill and -spill" node of .operation for introducing a charge

si.gnal: into X CCD rewyNaMIc RUD NONEE SOUREE POLSECSERERAPENGY GTRCHIT
negative goi ng pul sewwmwwvmr&w
charge into a potenti al e R cbtPRgTELatEF FO FBREEEN of the
cycle, the potecouplede|device Qi) | inmpupt ¢itcubys ppahdli pgréicularly to

positive-going pyl.se toof Lﬁ% S rﬁ aﬁﬁ? églifys%ﬁggratl ng t he .source region
na

as a drain. _An Input entl €St abtTShed 15 between a storage
el ectrode urfier which' the‘-bcﬁ-erﬁaffeﬁnM¢ i3, 986 nk98 ahgsuedadOotobert L@de

bet ween the stonage eeeialtd and ﬁé&:z%&!{fedé%fﬂesTQe"f‘Ei‘iQSnfihls?tlll"
remains in the Rl&tentpﬁ wel | aftef' t he |1 portion of e cyc

function of the FPEIRALINL Ior 1N ucingia %@Fgﬁbﬁég?élréﬁ*&@eat he
power consunpt i chofret;hst@@D r @girsirey el ‘lﬂ'EIB'CCp@?ﬁiwnnefSﬁﬁéoéircle

b ts at ow_operatin
Vol tage.  ronever, RRURGIVE YOI Bixse s gL ilq £ Vg S5uPEE Bpuidnyto
saqurce regith t anssoduceca wharge visitage pdtentialieell meegionde Theall ow

h t fI t fr it on |ts
ey Backro eSS PSSR0 o8 POl S LSRRI 0

operation, the césS3@artdGidy mRtind.e by pﬁHEJeYHng%fMP%J-‘éhYeaﬁpl-ngude
t Q_overcome t hepahseneb mersbliﬂce()fréd‘iﬁnﬁuﬂﬁié adpe f@@iﬁ% théegotPee IAE§ion

o odi cted due t8°vr EPTBrs AR SRR S HARLRSRTENE cie SAEChL beke
during devit® 3betwesn ealsrtom'.agﬁuﬂ,eatrode desiexbileicly thevpoteatialrce
region: well is formed and a gate electrode between the storage
' electrode and the source region. The charge which
remains in the potential well after the spill portion
of the cycle is a function of the amplitude of this
20 signal. | | |
: It is desirable to reduce the power consumption
of the CCD reglster and the accompanying » support circuitry
by operatlng these circuits at a relatively low operating
voltage. However, a low operating voltage level may not
: 25  enable the source region to
f\J be pulsed with a voltage of sufflclent magnitude to allow
charge to flow through the substrate region under the gate
- electrode on its way back to the source region during the
spill operatlon. For proper spill operation, the source
30 region must heve a pulse of sufficient amplitude to
overcome the channel potential of the substrate region
under the gate electrode. Unfortunately, that channel
potential cannot be accurately predicted due to varlatlons
in various process parameters which occur during device
385 fabrication.
Thus, it is desirable to provide a source region
pulse generator for a CCD register which will ensure
proper operation under low operating voltage conditions.
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pul se_ generator for a CCD register which.will ensure proper operatlon under
OP ating vol tage conditions. _-2- According to the i nvention,’ a

first voltage | evel sufficient for causing a transfer of charge
fromthe source 5 region to fill a potemi-al well region and during -a
second tine period, a second voltage |evel sufficient for causing a
transfer ofl charge fronmhhbrﬂdhgntbahheehhveummom ta phdseoeboeceeglon

epenagnt  opoieha AR B3 S BoutBel 188eabal o3 R erdlla A 0°,

storage el ect fddst- timannhndaﬁlp deS&cG@ﬂdaa@elnNBﬂ sn@faggcot of the
present i nventfdin’ca%gﬂﬂgsta T3anserY o e aaRge 'ﬁoﬁp'tlﬁhe(iohﬁ' cehe source

el ectrode d neans are provi ded for, establishing the first voltage

| evel acr og HegIaQn &Ko cfdﬂdclat PpreptipdnWedd: regioRe apA duringeaperiod. A
second CapaCI@eobna(ﬁﬂmﬁipetx@duph&@eﬁ@nﬁhao&mhge depeditive glenent and
nmeans are proy | C apacitive

el ement  at thé“%cr&% téa%%‘ %@%i@%oéd%f%%ﬂ% EF%F%? g%gfnegh%ng char ge

bet ween t he fupogexmialswdddregpm tiov&hel mpe tegnm;r.eﬂpmagge t he

~ vol tage | eveI Flh ﬂfér%%%ehltg.afl' betllciﬂé(i'otn Rt offrom the first
vol tage | eve to 25 the second volta l'evel ,” and (b) for changlng the
charge on Fhazgs, fepsndent; Wpop; & nFe&FtBN@ Fentiadi d second time

period to tr_araaffcre:@mfegezelwemertheaigdtel as;a ‘srorageoedeckpodesi.ve el ements
o aerer ooy o BIAR AR NY, | 0 Bk HBhARRIoM BESR BB Bk 5! e
level . - present invention, a first capacitive ‘element is
o coupled to the source electrode and means are
15 provided for establishing the first voltage level
across the first capacitive element ‘during the first
time period. A second capacitive element is coupled
to the first capacitive element and means are
pro#ided for (a) changing the chafge of the second
20 capacitive element at the beginning of the second
time period for transferring charge between the '
first and second capacitive elements to thereby
' change the voltage level developed across the first
capacitive element from the first voltage level to
25 the second voltage level, and (b) for changing the ;)
charge on said eecond capacitive element at the end
“of said second time period to transfer charge
between said first and second capacitive elements
and thereby change the voltage level developed
30 across said first capacitive element_from said
second voltage level to said first voltage level. ~
Because of the'capacitive transfer, the second
voltage can be higher than that of the supply
voltage of the pulSe generator. In another aspect
35 of the invention, the pulse source comprises
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Because .af Ihe capaC|t|ve transfer, the second voltage can be higher than
t hat.,of the supply voltage of the: pulse generator. In another aspect 35 ¢
t he*invention, the pul se"source conprises -2a- 1 first ang
second terninals for providing a €urce of operating vol tage therebet weg
first and second capacitive el enen 3 serially coupled between-a circuit
node and %aid second tein‘stahndrc&mﬁd \&mnémsj fortproviting &

capa0|t|ve el enent s e|n necte e el ectrode; a source of
ref erence vAUEES ?E §9r8 3&?&% % ﬁvgfnwntrol -signal 10 for

coupling said. referencii:sttagd becundﬂqapnnztiwéoe%qnentspsegiullgaig
t [ L.
heans 1ot Siﬁ#ﬁ%@&éﬁ?@% %;3%&%@‘% %%;ﬁﬁahfﬁ' éﬁif’ekﬁjﬁgﬂfﬁn@%‘i"” |
lsjleglngtlm n?o?m Zagg{;aa% ::E;omo mg;fégzsa‘;:' tggz | evel ; t?\lr(r)d
nmeans for coup sard circult e to sal d secon &rnminal at the end of
sai d second time perloa spnrces pfnrefierenceiveltagesol signal, for 20
devel opi ng at said j unggirgt ﬁ%‘a&sf E&%S:dfﬂiiw?&%e&ek r#8dcontid1S ditnal
an ir

suppl yi ng sald first seconq control na s to . sa I'r st

. second and, t¥0¥ ccouRAing said.refergnce, woltagacio paid 3apcttdom for
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FIGURE 2 is | C. il Iustratlon o &lstrate Potential profiles

hel pful in lrﬁa&g aRAifg FAKSt Fime: Pe¥indir cURE 1.

'Q;T ' second means for coupling said circuit node to
- said first terminal at the beginning of said second time

15 period, in response to a second control signal, for

developing at said junction said second voltage level;
' third means for coupling said circuit node to
said second terminal at the end of said second time
pPeriod, in response to a third control signal, for
developing at said junction said first voltage level; and
' . - means for supplying said first, second and third
. control 31gnals to said first, second and th;rd means,
'respectavely. in the named order.

20
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In the drawings:
FIGURE 1 is a sectional view of a known
30 CCD input circuit; _ _
FIGURE 2 is a graphlc 1llustrat10n of a
substrate potential proflles helpful in
understanding the operation of FIGURE 1;
FIGURE 3 is a schematic of a pulse generatlng

35 .circult constructed in accordance with principles of
the present invention;

)

FIGURE 4 is a graphic illustration of the
waveforms of clock signals employed for operating
the CCD of FIGURE 1 and the circuit of FIGURE 3; and



1S a schematic of a pulse generating 35 circuit constructed,in . .
Ae with principles of the present i.nvention; FIGURE 4 is a graphlgpf
’lon of the waveforns of clock signals enployed for operating the -
FIGURE 1 and the circuit of FIGURE 3;_4and FIGURE 5 is a schematic
of a circuit for generating the clock signals shown in FIGURE 4. FIGURE 1

illuystrateqd a typical . mﬁlbmsge&sergoléaﬂéﬁg{@ of i 4! cPRSuspi Ebr node of
operation. It 5 includes a P—cﬁpe siljco q)sstrate 10 haV|ng an i nput
f r

source regi-on ZCRRRALANGR} st FEEPRBCcEr vity type to
t hat of substrate-10, a FEG&REpnummldstxitexﬂaStYpiomletentredﬁstehch as’

pol yoi I toon o BEPFERABE, Be"5 £idd amt” ALY RIS o ESrabo) [0y, 4
~.buried N—t)ﬁpe mnahudeSla Pstypemsd Liicarh suhatrate el®dnaviingoandinpuper 11.
P-type ion inpk &ée ?gsgrrewlw e gle 12 @ffg@éﬁﬁ'@ftgggsélﬁé and

G3, for establl ef's bet ween aq%acent 1 | ectro bt ai n

asymet ri cal pSPEﬁFF&FVW$WI§YPﬁ 10 a1t bsyrate benedt ALEREse
adj acent el ectpmdeals.{sﬂ fepbagbsuarm:w mmdmdémaéu@haagecpr gnagesj on

ebnatant hiah ferdsd SaraR Bx3eE AU AaE 4 Neadmh bhuPEIIER o,

const an i

sour ce regﬂgn ﬁblmsalmebh ééﬁcmm@dﬂﬁﬂﬂnChMaﬂ1GQﬁﬂﬁ%tam@ G&efoemadnong 5
el ectr odes. Y0 tHS

el ectrode & f% ormh'%9g§t g%tl(g Iﬁ%lémr%@n ajr'l‘r?\g? fot gﬁ%@%ﬁ W as
shown i n Fl GUREhe, S%S%%&t Pegﬁérté’g@‘@{dé:tlr%@l A?'E%Y'B%I%‘aﬁelmlﬁétﬁ

+3 volts) is apphredfbemgdt ¢nclcp@nnede 161 Béhémmalé@tﬁédaelmmlow

potential wello{oake} DRV.:2nS0Y U SXFSILL Pebledh adyslogk ol ona
| ﬁf electrodes to obtain. asymmetrlcal potentlal wells in the
substrate regions beneath these. adjacent ‘electrodes. This
- establishes unidirectional charge propégatibn when
two-phase clock s1gnals are applled.
Electrode - -GO, is held at a constant hlgh dec
20 voltage (e g., +12 volts) and acts to extend source
.region S 1n a well defined manner with respectlto the -
remaining electrodes. A DC.voltage V2'(e;g.4 +8 volts) is
applied to storage electrbde G2 to form a potential well
14 having a channel potential W2, as shown in FIGURE 2,
26 beneath storage electrode G2. A DC voltage V1 (e.g., +3
volts) is applied to gate electrode Gl to form a
relatively shallow potential well (gate) having a channel
potential of Wl1. A clock signal ¢1 is applied to
electrode G4. A voltage divided version of clock signal
380 ¢1, produced by a voltage divider 186, is'applied to
electrode G3 to form a relatlvely shallow potentlal well .
having a channel potentlal W3 which varies in response to
¢1 beneath electrode G3.A 51gna1 component VIN
effectlvely applled between electrodes Gl and G2 (for
35 example, by superimposing it through a capacitor on
voltage V1 at electrode Gl). '
' Durlng the "flll" portlon of the operatlon,
source electrode 20 couples a negative-going pulse from

S~



electrode G4. A voltage divided version of clock signal 30 [err], produced
b%é? vol't age divider 16, is applied to.electrode G3 to forma relatlvt§§5 _
| ow potential well having a channel potential VB which varies in J
response to [err] beneath el ectrode G3. A si gna_conponent VIN is
effectively applied between electrodes @ and (for 35 exanple, by

superj nposi Ny | igafalr Qg qsta&@ffl%gﬁfoz?rs vmiggec%sgg %&%ﬁogetﬁ‘ bpePdiknd

the /fill" portion of the opera source ectro cou
negat i ve- goi ng (A fe SAURRe of gLhardeFAFRIeFSig A8 FE@WEnIB WACPREC3as&be

rﬁgl oln Sto Operea.fs?;mrﬁf wgwﬁrc&tﬁwﬁ@ﬂ&l;baﬁlébolwm bénghgé?lf 23_
the el.ectrons p { Qt arrl e neat o ectro an
fill the potent% elzﬁb t}ﬁugi ’g?%r%%ée%%bé r%ﬁé’*mﬁweﬁ%&

pot ent i al ap?)I i sd:omageeg]cacﬂ'qﬂaeﬁksmemhumaepopentﬁalahppéie]i toThregion

relatively shal lsow r%%tt,%g (%[‘):ﬂr%ﬁ{ésfﬁ&q% %fr%f_@@y of Thgelrgﬂgli__ggeiggnal

from flow ng throu reseff exa
i npl ants | undeShé b%ﬁﬁ#%EBW%tE&FV@htﬁ #@Yt9§ethﬁr§bhﬁg§ of

gppr OXi ”\7\2 ely - @iwmlalls frdnf ﬁzﬂovﬁi I&Ff&l JRl tse tbB EQQﬂQE&rD?‘Iﬁ“Ehé' of S
arrier i s approxi olts. For pr eration _region
must be pulsed %p IE;ﬁﬁﬁaﬁiﬁT éﬂﬁt1?¥wi% %?Eflt ﬁiFVErRFFﬁ GL
respect to lthe ehdnma eﬁtahimshnaaﬁolﬁa¢nuthzmsﬁﬂldloé apgﬁoxmhasblyA-
vol tage thresho fs.ap IS

el ectrodes GO gglghd G?%ﬁqﬂngﬁﬂ%%ﬁ1f§\q§$§%' ?ﬁgwgﬂéhﬁgg ?ggEl?ﬁeOf
channel potent|Eﬁr6ﬂegaﬁﬂ1éﬁ‘WPHﬁQﬂﬁmﬁtﬁhErgéV@bt$odeFQ2 psonppréxihangly

18 volts. 20 ¢ erauorﬁs:esﬂaw g mﬁ@ﬁ ﬁ\?lsé&raﬁﬁfaﬁiméﬁéi& eﬁer%{wn
regi on S nust b Isedlﬁﬁgatlvel 03|t _aﬁth re ect to anne

pot ent i al of'ba AVa FELAFLYS LY ﬁ%ﬁ?]“% pF%&? FeF9 Bh% 9 ppRed

order to act®aspatential of barrier Wi (i.e., 8 volts). A voltage

' threshold of approximately -10 volts is established under
electrodes GO, G2 and G4 without ion implants. If V2 is
+8 volts, the channel potential of barrier W2 formed under

. ‘electrode G2 is approximately 18 volts.

20 N As shown in FIGURE 2b, for proper spill
operation, region S must be pulsed relatively positive
with respect to the channel potential of barrier Wl by an
amount Aw (approx1mately one volt) in order to act as a
‘drain for removing excess charge carriers and leave in

25 potential well 14 an amount of charge including a

| component corresponding to the signal VIN' After the
spill operation is completed, the reduced amplitude ¢4
signal applied at electrode G3 "skims" off the charge

L component corresponding to Vin only, which component is

a - 80 gsubsequently propagated through the CCD channel by the

¢, and ¢, clock signals. See U.S. patent 4,158,209 issued
~June 12, 1979 to Peter A. Levine for more details
concerning the "skimming" operation.

It is important in the operation described above

85 that the potential of the input diffusion region S

establish a channel potential at least Aws greater than W
to ensure that substantlally all of the excess charge
carriers (electrons) pass over barrier W1 from well 14.

1



. during device

draln for renoving excess charge carriers and |leave in 25 potential well
M amount of charge including a conponent 'corresponding to the signal &
VIR @After the spill operation is conpleted, the reduced anplitude [err]
sigral applied at el ectrode G3 "skins" off Lhﬁ,charge conmponent

corresponding to VIN-only, which conponent is 30 ‘subsequently propagated

through the CGR,gEa8R¢! wREnt B e&% f"!ﬂm[ ad @if&kl‘élmsa 1sge U S

patent 4,158, 209 i ssued Ju 197 Pet er V|ne for npre_details
concer ni.ng the°P§¥?FﬁPﬂgv°E§§93t} rﬁiﬁﬂ?ﬁl YSt EegReFedi oA
descri bed aboveodbcet Sat:orhesponddngaltcom he AW ukayli étcsednthegi on S

establish a ch e a r t hat
substantial ly %ng%?g% E{;é@'l lroh. € g’%ﬁ%le?se‘?&?e%%ronsﬁ'/v}plgsgﬂggéﬁ
_barrier W 5 rorregitiess” a pu&mvsenmmp@rmux@ fore Uoo seuroet with a -

| ow operating ypbtgpeakeye a tho Lolita®ad el dlud %’uié’é SPHEGELS18
correspondi ng to exceed the avail abl e suo$§¥1¥olta e | evel .

The present |ﬁV%h?FoHag Pﬁ%K%?é@ES foL, @RSNIIdHE REPEL PRI hRON
source el ectrogrdet Bo€Chuppilyakbd tiage mdastirnﬁsse CThtslitiag Sp@hach has

Bondi &1 ons.  TrPSE mageRErEbRaPTeR beeaE,T A madikiue B gYEERY K5 0t o,
the 10 cH&nne¢hpnnehtpatsntmn&sdfbmmnmiﬂﬂmﬂ&ﬂ(ﬂhﬂ(ﬁkﬁcttodesxﬁf anGCDdlng :
WL, cannot be :Pﬁﬁfh&ﬂz& Q’iedbﬁhﬁ@td%% P U ﬁ%ﬁfﬁe&a&ﬁé’rfodﬁfgégﬁgﬁg

rication. preterred enbo | ment l.nvention 1S
in FI GQURE 3. FﬁlﬁﬁédsfFGEPEFed@FeFP@Hﬂé sluning, deveicy sfabricatitRect o

~ transistors (FETs) are Ui bréférh:baowmdméﬂtld@ltmslmwtimemeémﬁﬁcv

Thel © conduct | oh EEHRECES T8 SheobeBlRlE A Erdhe . B Gnedl o]
supply voﬂ@agefﬂEIﬂfefgeotl2ransusﬁqmsjQﬂﬂﬂstjare utlllzed throughout.
It includes a voltage reference source 30 comprising three
depletlon,mode_MOS.FETs 32, 34 and 36 having their
conduction paths coupled in series‘between a source of
operating supply.voltage V. DD (e.g., 12 volts) and ground.
20 FET 32 is fabricated to have electrical characteristics
whiéh match the input electrode structure of the CCD of
FIGURE 1. FET 32 includes three gate electrodes, two of
which are coupled to its drain electrode and a third
(middle electrode) which receives the V1 bias voltage.
25 The gate electrodes of FETs 34 and 36 are connected to
their respective drain electrodes . _
The conduction path of an FET 38 connects a node
A, which is at the junction of the drain of FET 34 and the
_ source of FET 32, to node B, which is direct current -
30 . connected to the source electrode of a CCD such as shown
in FIGURE 1. A FET 40 has its conduction path connected
between node F at the junction between the conduction paths of
FETS 34 and 36 and node E connected to the gate electrode of FET 38.
A ¢l'D clock signal is applied to the gate of FET 40. The gate '
35 of FET 38 is connected to a node C through a capacitor 42.

l

FET 44 has its conduction path connected between node C
and ground and a gate electrode . coupled to receive a ¢1
~clock signal. Depletion mode FET 46 has its gate



20 FET 32 is fabricated to have electrical characteristics which natch
ifnput el'ectrode structure of the CCD of. FIGURE 1. FET 32 includes thredb:
gate el ectrodes, two of- which are coupled toits drain electrode and a =
third (mddle electrode) whi ch receives the \Jgbias voltage. 25 The gate
el ectrodes of FETs 34 -and 36 are connected to their respective drain

‘el ecty odes Thef eettriode il ook i U7 s coumesesiennpdehAcoupied kb at
e junction o an source

whi cdh i s direct n(?&%r ?Fn%o%]te 1D Hhe S 8%?5%?%%% c8u€§255358h
as.shown in FI GumelveAaFﬁ @:m istisgmadnducFEDs 421t and ohdchavd hheneen
‘node F at the Cl d
node E conne tJe (h %ﬁ:e'%g{a e ect ﬁﬁ*%@%égib%wggﬁékggﬁr% 8@
applied to t @9@6‘3@1195‘9047@3% = 35 Freapyd 3g Tbecgaﬁeceéactasodengde

C through a capm 8o 42 doup 14341 h.@dd(fe QO lEld FaEE £08BL£bAE Bt pReN
npode C and grou%g and a t | ectrode cfgpl ed to yeceive a [err

si gnal . Depl eti Gff MSd& s §& Tt 9 115-CLPEK  FHER2dNd %n@"aﬁdnof
its conduction it Itheogpllne:d:m bedtwe@mrithe hmmdtkmtlmdpa)thstefcmﬁscu-son

pat h coupl ed L o2& 80 ve L:%["lcr-l."\Jrl esq-‘?efdﬁ]aé thaidde ce o) gSEocggéﬁ'% £ 52.

conduct i onV%t hs coupl’ t'ween The sou ope
potenti al afd sgcendd capﬂq:é.tgm Sdelcaunler nodeE B9 qn;om@pl ed to node

C_’and' the gate el ectrode @fralbRl A& dpreadtiifdidits 'SEEYSckNSiGR Ioci ,
signal. A node D, at the junction betvveen t he cond#{:%]lrocgzgat hs o ég 2

and 50, is coupPep 25%hdde BIEHSROYR 40 FLGURE enpHatoy
citor 54 couwpbes inoBECSUREtD, gm@ndesﬁl‘aqulate:e,pfesegeheramg e cl ock

c
s ohown 1. £ Ghae 8271 8106 204 Pomned qeR AT S 1R F TRERECS, PhagR
[err] clock8i gepesateobie; ﬂCplewHEIGUHﬁtﬂ1and the c1rcu1t of FIGURE 3.

" In operatlon, voltage reference source 30
prov1des a voltage at node A which properly biases source
region S during the £fill portion of the cycle. As

_ previously noted FET 32 is biased and fabricated to match
20 the electrical characteristics of the input gate structure
of the CCD. Thus, at conduction, the voltage established
at its source electrode (node A) is 9 volts (the potential
of W1 in FIGURE 2). BHowever, resistor connected depletion
mode FETs 24 and 36 cause an amount of current to be drawn
| . 25  through FET 32 which lowers the voltage at node A to
— o approximately 8 volts(i.e., WL less AW?) which is
' - sufficient for the fill operation. FET voltage divider
34, 36 establishes +4 volts at node F. :
. ' Referring to FIGURES 3 and 4, at time t,
) 80 depletion mode FET 46 couples the high level of the ¢2D
' signal to nodé-C. This high voltage level is AC coupled
via capacitor 42 onto the gate of FET 38 and is sufficient
to turn on FET 38. When FET 38 is conductive, the +8
volts developed at node A is coupled to node B charging
85 capacitor 54 to +8 volts. Thus the source region is .
biased to allow proper fill operation. Additionally, it is
noted that before the increasing voltage at node C has




gperate the CCD of FIGURE 1 and the circuit of FIGURE 3. In operati.on,,
vof& ade reference source 30 provides a.vol tage at node A which properly ﬁ’v«,
bi\s®Y source region S during the fill portion of the tycle. As previously
noted FET 32 is biased and fabricated to matgh 20 the el ectrlcal
characteristics of the input gate structure 6f the CCD. Thus, :

conductio t he | fEeC )

volts (t hg1 pot en | 3 %ﬂf@r \eﬁé ?%B Fﬁ%&ﬁfzﬁ{él 5'Eoég'{\}%rgg resi tér’togs:(aoconnec e

depl etion modEhEEpirpese PEFEREC Yhllnbandescribededates be drawn 25
thlr?ugh FET 32 }Mﬂ ch I'ovef scime ﬂ0|&é§3eﬁioﬂ0ﬁ©]gé rghwm @oupiied %a 8 ow -
vol ts(i €ss rr

vol taée di vi'd 0[@ eéi%%gyr sT’}%an- Sy ' %‘ ﬁgé‘@eﬁe% &0 %?}%%%RES
3 and 4, . a% t'rnmdorﬁmcmm ednd nl owetes FEKe4ﬁo¢d1a|glee§.etvlea itgmdde @ (ofid he
[err]. signal %%P%%he gé’sz)h ?“Bﬁﬂ el Laged ewa 46 -AC coupled via

capacitor 42 on 38 and Is sufficient to turn on FET.-38.
When FET 38 i $ochessme mongordugtive: s Tavs), opedead Asdésaliareshfixiaml to

node B char gi mcfé pp%aﬁflfﬁa@él e +8 veLts. Thuﬁea&at%qu GEHeRYtGd S
bi ased to all rgﬁer f|| oeratlon Cédgltlonall , i's noted that

before the in tSHRrl PRgins t°71 §8§§& FET"8¢0 91p
-conduct, 1@ cmﬁm turm-eanduthreé’helﬂuvpﬂlt&gef foET FET wigd | be

geseribed | Sanglio Tl 9045 SErTREoEE AR ERRER S M MG

| owers the voMOdg?@gee\ﬁéi mde]dliellEJ;Qaae%apaSEr@alAX) compegited cause FET -

38 to becone 4 52 W54 oPerBrisabsg %E@Q]sfz.'éﬁ@ A Al gt >~
at +8 volts. |atel after tine, err% err % begi'ns -
to increase. é-'}‘i/ haye &RpRcitarc ﬁrﬁegyﬁ Fﬁﬂeé'-ﬁoP&'W&l J& mAderET
48 18 B a- tran51ent voltage correspondlng to two-thirds the

voltage change at node D which is superlmposed on the
voltage stored at node B.
- By time t, the ¢1b'clock signal has had an

amplitude excursion of +12 volts, causlng node D to change

20 by approximately +10 volts (12’volts less VT) and a +6.7
volt change occurs at node B,. increasing the voltage '
5across:capacitor 54 to approximately +14.7 volts. This.
voltage is sufficiently greater than the channel potential
of barrier W1 to ensure proper spill operation of the CCD

256 register in spite of the relatively low supply voltage vy
of +12 volts. - Also, between time tl and tz, when the ¢1D
clock signal reaches a voltage level Vo above the voltage
level at node F, FET 40 is rendered conductive to clamp
node E to the voltage level at node F (4 volts) and

30 establish 4 volts across capacitor 42.

DD

- At time t3, the ¢1D'clock 51gnal is low, which .
causes FET 40 to become nonconductive and node E to
float. _ '
At time t,, the ¢2D clock signal is high,
85 causing FET 46 to conduct current into node C. However,
.“since the o4 signal is also still high at t,, FET 44 is
conductive and the voltage at node C cannot increase.



(approxlnately 1 volt), EET 48 becones conduct i ve and the voltage at nogé
ificreases.’” Serially connected capacitors 52 and 54 operate as a transip#
S|gnal vol tage di vider and have capacitances selected to provide at nods
B a transient vthage corresponding to two-thigds the vol tage change at -
node D which is superinposed on the voltage stored at node B. By tine [err]
the [err] cllock S|gnaL haathad men I r§é¢§1f5f+ﬁﬁév It§lo@%u3|ng
node’ D to chang X|nat +1O ol ts ts dé%- and a
+6.7 volt chang§l§88&r¥a§ﬁg q4O¥ | 9ﬁ}9 ?E@k d%f %CﬁﬁaC|tor
54 to apprOX|naceu§1ng41t wolbecoim:nonudnﬁpctxweunfamnseqﬁqnt&palﬁme;han
t he channel potea tabeObtbab ?t:ff:se r é)é)_’.e% e
CCD 25 regi |% sble ?ahe reI t q:%’ul g‘vflﬁé FWH \%&?eg 1-21&9
volts. AlsO, b*é?ﬁ@éﬁnt thseﬁbpél &od FET ]50 vamnmmqfeelx 1:|m1<t)y oFRT
reaches a vol t age bewaine:.chahaugttzlge \“@id e Jﬁw@ie l&*oI\SElfet Fat gﬂ:JdéCb'&own
rendered conducfiive _tQ a nqode e le at node

~vol'ts) and 30 e*&’agf?gﬁa \rlrgftg &P 'cgg’ﬁﬁ &rsgﬁz s‘i&f‘{?’f metd 3"°]t1F|ed1f‘&?r]
cl ock signal isatompdehDeh EhusedrEETLQOap@BmaﬂnhyIth&xnxhnsiamtaﬁﬂl E
L et sty BEviBibh eebEckebiE cBbACs (Y lahd oy ('S WLFET Pl

to conduct 1(6 urrent |nt0 no Sl nce err] Si na
.st_l | | hi gh “at [EF?IPSIFE# ag pgdeoﬁdﬁmm%@mm@g@magmdu@mm

IS e e S e o s 6 B9
s belo e_conduction, t hres
ﬁ;gggndugt ive. %B%i%qﬁ@ﬁ o2 PﬁetQSI FX&gealanr‘?od:@ %ﬁ?ﬁaa&% node

~Wen it reachesBtfico +14: - volthsr babil dof cheFER EﬁﬂhﬂMBVEmrﬁﬁqﬂﬂréH\Eﬂﬁ)
FET 50 becones &p &E&ftffflgﬁg BE %ﬁ ﬁgpég!géggﬂ%iéfm$%fi(¥£M%f(%fgﬁﬁﬁn¥

As a resuIH, there 'S
o - After FET 50 becomes conductive, the increasing voltage at

node C is coupled via capacitor 42 to node E causing FET
38 to again become conductive and clamp node B to the 8
volt reference level established at node A of reference
voltage source 30.
20 As earlier noted, the ¢,, ¢2, ¢1D and ¢, clock
X 51gnals illustrated in FIGURE 4 may be generated by a
clock generator circuit 60 as shown in FIGURE 5. The
. structure of FIGURE 5 includes a cross-coupled NOR gate
flip-flop 62 which generates the %1p and ¢2D_clock signals
| 25 in response to a clock signal which is coupled to _
B | . flip-flop 62 through a capacitor 64 and an input limiter
. 66. The ¢;p and ¢, clock signals are coupled to
respective inputs of a pair of push-pull circuits 68 and
_ _ 70, each comprising two FETs of the same conductivity type
; 80 having their conduction paths connected in series. The
. gates of each pair of FETs in 68 and 70 are driven in a
complementary manner in responses to the ¢1D and ¢2D clock
signals for generating at the junctions between the FETs
. of each pair the complementarily phased clock signals ¢,
85 and ¢5- The push-pull circuits 68 and 70 are powered by an
8 volt supply voltage source. The DC level of the input
at limiter 66 relative to its switching threshold
determines the duty cycle for the clock signals and is



at node D. This drop is applied-by the transient voltage d| vi,sion.

-

¢1)) of capacitors 52 and 54 as a -6.7 volt" 10 transient at node B ~F
supe posed on the voltage previously stored at node B. This transient o
denot es the end of the spill portion of the ?)Lcl e and reduces-the voltage

at node B from +14.7-volts back to the +8 vo | evel required for proper

~filling of 1t hed g eﬂi'é"n&‘&éﬁ:ﬁé ?Eeﬁbgé@Em%mﬂé: BY tLpHEEk 50

becomes conductive, t i ncreasi hg vyol tage at node Cis coupl ed Vi a

- capacitor 42 t@"lﬂﬁi@@’éa’lﬁﬂ?@s?@s%ﬁetﬁ &hen ayesaes &ﬁld{ﬂqﬁlé’%n@%l%ﬂp
- node B to the a&dxqit a3 d egm@ézsefoeseahhb&he@hmg OG0 Afty s BncClor .

vol t age sourc %0 As.earlier noted, the [err] and [err]
cl ock si gnal setrqef L?S!t r%R%d"z ncH%RElﬁnﬁé{ ’be gener at ed- by a cl ock gener at or
.circuit 60%as shown in FIBURE whathbast beenudesciribiedHE & ipulsales a

cross-coupl ed d}gﬁﬁé&‘rfﬂf *Eﬁé’psgﬁrf}gcgﬁf%@%it té“%&lfrfdpqn?é&i Sfdch

cl ock signals I n responise 1o a_c nal
flip-flop.62 GenRKAtes capatitbrand sRilad PH&&@ hammg agplimdesihichd

[err] clock signalfe @p@#piﬁﬁuwopegae@bnvem Bpdite &£ AR rredudBsh- pul |

circuits 68 and 70, each risin t he sane conductivit e
50 havi ng t nERERARE YORCRIE nboTehRec Bl () PROSEEE Hr iR kent iuielh
pai r. of FE@s |arffdi:'lartr;h§(hex@ﬂroﬁehhenpatenrtplad.mbmmnpmmrerthm immplonses -
to the [err] 1[39{ rc]fcll.tﬂ’é §t£'?’i: generat| ng at the junctions

bet ween the F each pair he conpl erentarily phased cl ock. signals -
[err] 35 and [err]. Thevpibs- %mueve@mpe ba@sapgery dlastsased By an 8

vo:t suppl y V%éﬁﬁﬁ&ﬁbﬁ%‘% %ig&ebhﬁhnéb.ed@p'&npﬁtoflx%ﬁt@@ e ku
relative 19 IS i achl na L Cepelg dctgmce d b AUk cle Slalle o ook
_conparat0#572tygﬁxncnumdthetémphagedgan&Cthahuahd:pumse generator of o
: the present application can also be used with other CCD
structures, such as the surface channel type. -
.Additionally, although the generator circuit of the
_ present example is preferably fabricated on the same .
20 integrated circuit as the CCD register, it could instead
be fabricated on a separate integrated circuit or be made
using discrete circuit components. '
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and [err] ci ock signals for establishing a 50% duty cycle for - the [erf/,
d [err] ‘clock signals. 5 t Thus, what has been described is
pul se generator for the source diffusion of a CCD register which generates

a "fill and spill" pulse havi ng anpl it udes Mhl% ensure proper input
operatlon in spite of (1), reduced operating voltage | evels, and (2)
process variltioparmptch 10 affect the height of the potential barriers in
the input region of the CCD substrate. Wile the invention has been

Gillustrated in terms of addtyie 3uARRPE IR teD E0%1 ayFhgrgepceypied
substrate; it Ier&che(@mmarﬁMIuhtﬂﬁﬁlﬁdé&”aﬁééﬁh@éh&u&toi5sub¥ﬁ§§t§°“hd

be enpl oyed and_t hat enerator of _the present.ap n can

al so be used mnfﬁﬁ% egié%ggﬁa'(ﬂﬁﬂ%ﬂﬁrgﬁuﬁpgﬁpﬁhﬁns§?+§ guéﬁgﬁﬁ_ type.
~Addi tionall y5 _ ak:bnn@g:rt@é:oga@"chteiremmde.t anfstdmageeeleecteadephnsﬁiated
preferably fabri e Fggﬁg h

regi ster, it cou higgﬁgaﬁmﬁ ; E |cat on 5E§%§%§§ e | OL g?C%E’(:lrcwt
or be.made u5|n5u95§€P$FéquQQuﬁa%§) bectpods, andlg gatel Vs: 1.
In an input cireliectroder idsulanesl csmﬁeéhmvswﬁ% a!aacroeaﬁé&des a

by e CronHREER pele F kst hacraad, S5 SRid Pbator nelButeade om
said substrie, meapstébmlEbupiﬂng%gyfnrstlreietemtstvaltagedeo said gate
LS EurchnolertUaes aba o MAu Lo helind sere e VAl Eadl
for coupling a FPr §ﬁlﬁe§@%ﬁ§@ \RJHQ%‘Q@QQ) suisigrak source coupled to one
-/ of said gate and storage electrodes, and a pulse source
' for supplying to said source electrode
15 a pulse signa; having a first voltage level during a
first time period for causing a transfer of charge from
said source region te_fill said potential well region, and
‘a second veltage level during a second time period for
causing a transfer of charge from said potential well
20 region to said source region to leave stored in said
potential well region an amount of charge dependent upon
the relative potentlal difference between said gate and

storage electrodes, L : whereln said pulse
source comprises:
25 a first capacitive element coupled to said

source electrode;
first means for establishing said first voltage
level across said first capacitive element during said
first time period;
30 a second capacitive element coupled to said
o first capacitive element; and
second means including means for changing the
charge of said second capacitive element at the beginning
of said second time period to transfer charge between said
35 first and second capacitive elements and thereby change
the voltage level developed across said first capaéitive
element from said first voltage level to said second
voltage level;
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sfr ode, means for coupling a second reference voltage to said storage
Tede, a signal source coupled to one of said gate and storage ° =
electrodes and a pul se source for supplying , to said source™
el ectrode 15 a pul se signal having a first voltage |level during a first
time period for causing a transfer of cmmxﬁ;$70n1said source region to

fill saidgpotential well region, and a second voltage |evel during a second
time period for- causing a transfer of charge fromsaid potential well 20
region to sai slatduseeondgneans calsavencslwdink i mesas of ot cangd navel | region

et woon sai o GA0,eaagSRr BA Baidp Hhcoliy (Clifll1Eive' Elkhdne gk EhEcha

gal

pul se source 83k@r second>time PeI-'lOd to ftransfepacharge between eaid ed to

sai d sour G epeehtOfRa GecthdRAph %\fét@i}méﬁwgaﬁg f.n EBy LRahdd

l evel across said first c paC|t|ve enent uring sal Irs i me period,;
30 sgei 3&&%11 deve m%dsﬂadsﬁiﬁsf-l capacitive: i ve

el enent; and erenéﬂtmam sadld geton® sl tage Clevel Neot Baighgigaeof said
second capaC|t| el e at the beginning of said second tinme period to
transfer charﬁ% ﬁ@ ge d 35 first .and second capacitive el enents and

t hereby change the voltage | evel devel oped across said first capacitive

el enent fggom said first voltage level to said second voltage level; -11-
sai d second neans al so including nmeans for changi ng the charge on sai d
second capacitive element at the end of said second tinme period to transfer
charge between said 5 first and second capacitive el enents and thereby -
‘change the voltage | evel devel oped across said first capacitive \/

15
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_eI errent from sai d second voltage level to said first voltage |evel.
20°25 30 35 -12- 1 2. .The.apparatus recited in Caim1l
érein: said first means includes a voltage source providing said f
voltage level at an output; a first swtchi rrézel enment having a first
conductionypath connecjed 5 —between said out %t of, s |d volta e source and
sai d sourcé el ectrode 4nd a FReAPPRRRLYS i eﬂbﬂnb réb
conduc][ ion of said fi rstssmdﬂj:fsenmaahb iacdudes'a f\wltageplsmgr@efl rst
control signal to id firs o] ali t €O, i on
path conduct i \Fﬁv%lﬁﬁéa gph.ﬁ%ﬁg B%rvlregd%%rﬁ q*#"ig % Eﬂﬁ%ﬁigl ng
‘the charge of M'tbhmgrﬂmtlhavenql am:mm qmumlomlpaﬁhfcmdcted

~second ting p 0 Q:apdérﬁﬁ#
conduct i on pat g‘gnnec%y:g& ﬁ'E Bi‘s%\#rlchg o T er ence €€'F age

and sai d secorelechredei a@deaeﬁsnstamn&rgécém%rﬁqromnﬁmumg
~control |ing t*@o@@ﬁ@ﬂfaﬁoafoéai 'hieeog%aawgu ﬁ!?“hn@"ﬁbiﬁénfofor

coupling a second control to s nd cont.r ol ut to re :

sai d second coPeERliRG ﬁaﬁﬂrgﬁnﬁaﬁﬂ-'? X 8adg rﬁ%’?%t second
~time period; aiﬂpﬁﬁlﬁon?ﬁidefoéaihaﬁm idohduttiisn qfaﬂﬁlebmwaﬂve

capaC|t|ve1eIe nt_at th& nd of ,gai d_seco time period includes a third

swi tching eI e ‘H""“ﬁv??lb H\? d CABE I RES: ‘pat h connected between a source
o_f_ a fourth 25 refer encsu_dlnegnsafdrsmhammmrge/eoélmt and a

o second capacitive element at the begimning of said second
Y ~ time period includes a second switching element having a
R second conduction path connected between a source of a
15 +third reference voltage and said second capacitive element
B and a second control input for controlling the conduction
of said second conduction path; and means for coupling a
second control signal to said second control input to
render said second conduction path conductive at the
20 bpeginning of said second time period; and
said means for changing the charge of said
second capacitive element at the end of said second time
- period includes a third switching element having a third
conduction path connected between a source of a fourth
25 reference voltage and said second capacitive ‘element and a
third control input for controlling the conduction of said
third conduction path; and means for coupling a third
control signal to said third control input to render said
. third conduction path conductive at the end of said second
30 time period. '

3. The apparatus recited in Claim2 further
including: ' |
365 means for gemerating said first, second and
third control signals in the named order, in response to
clock pulses.

R



third control input for controlling.the eonduction of said third conduyction
yat hT\and neans for coupling a third coentrol signal to said third control g+
”) o render said third conduction path conductive at the end of said '
ecohd 30 tlne period. 3. The apparatus reed3=d in Clain2 further
I ncl udi ng; means for generating said first, second and third

cont rol sﬂgnals in tHe ﬁane@hﬁwﬁﬂPaEQFQQB E‘goiﬁlslﬂlﬂu sWherein: 3. 1
4-_dTP? afparatus recht?ﬁﬂq;ﬁadhd“ﬁb I dgﬂﬂﬁniliﬁt ggegiotd Hhd

sai irs o - an i.i d .contro s inclu means ener,aj i ng
said first an ?r%ﬁﬂ‘sngﬂﬁ 9&&35‘%&%%5 sf?da)l ed

:o sai g f' rcgfirstdeniblthieﬂthwomdb gigmalsgatf asen.ll'cizn.ltsnoden'ramﬂ ZI gnal

0 sai g’ S C C Ir

control S|5(i:1na¥'§%%E goggtlh #ﬂin %sﬁg% ga ﬁggg%g recited -

in Caim4 wheoupdingaiof Mcﬁaﬂt tmntmbnquqna&ntpasnsdaﬂrsmnect ed in

series bet Weeg iﬁbﬁxg QUeAehett LY 'Bfﬁef”ﬂheo%f:géiﬁ%%%n%‘i lagep: 15
capacl Tl ve

- said first and secon €] enents are, coup series etmeen t he
_junction bet weeRtFgild siignal ke ik o8¥i t6R1pg: MSaBRd sai d source of
said fourth reference voltage; _and sai d source electrode is connected to

the 20 gﬂfction between said first and second capacitors. 6. The _
apparatu ecited in Caimb5 wherein: said second voltage l-evel is of a =
magni tude 25 greater thap e apparatus rediteleinnCainl 4 agheréinkhe

apparatus recited in O 3B JNGHEd "und third conduction paths are
' -connected in series between said sources of said third and \J
fourth reference voltages,
15 ' said first and second capacltlve elements are
coupled in ser1es between the junction between said first
and second conduction paths and sald source of said fourth
reference voltage; and ' o
said source electrode is connected to the
20 - junction between said first and second capacitors.

6. - The apparatus recited in Claim 5 wherein:
| . said second voltage level is of a magnitude |
25 greater than that of said third reference voltage. -

-/

7. The apparatus recited in Claim 6 wherein_:
| said CCD device is an N-channel device; N 3
30 said first, second and third switching elements
are N-channel devices; and | | i

said third reference voltage is a positive
voltage. ' '
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sal d- CCD device is an N-channel device; 30 said first, second
,a d third switchi ng el ements are-N-channel devices; and said third @

erence voltage is a‘positive voltage. 35 14" 14- 1 8. Tha
apparatus recited in Claim?2 wherei n: said voltage source includes a first
depl eti on jmode MOSFET hayi n rfd@;ﬁ@ﬂpﬁﬁdcialﬁa'zdwﬂe’rﬁzn
finin conducti on

reference "vol tage and fir an second el ect fodes

pat h coupl ed between sai t?ﬂ‘PEF? REiNGeS, 8 F&g‘@%ﬂ&%‘q}%ur ce
ﬁ' ectrode, r gﬁﬂ;ﬁ Motsrl]:'ﬁl' iy | |mcﬁrﬁde?cﬁ ?ﬂ.eﬂ tol bﬁ\ﬂ? fHrst
aving_a con n_thr eve subst ant | es
pot en?? al | ev e%eﬂ‘l:@ ??gs%%ﬁ é"br‘%g#%ﬁge t feE] ifg%feﬁ&s ﬁd’é’nﬁand
a second @pl a.t comdunti dvOgrEth cotipled betweeni sa:.dasburcepbtfd theird=en
sai d second e | a | e
of said fourtk" r%g’%gg:nce vﬁ’f drid éjagﬁ% %6‘9’?“%?&?%%55?& Q%f§%°q% ?’i
bei ng pr OVI deendt beiiag mﬁmd sﬁ cﬁ-fﬂ¢%¥cﬁn§°3&mfe§e haying i2on node
MOSFET" s. gédew tion tlﬁ%slibld levef whiéhaaubﬂﬂﬂgtihﬁ&' Bngtfdﬂesa the

char ge coupl e uct or strate, a

I ncl sem ¢on
sour ce -el ect rB&@e%@#@ ¢ %‘&ti’%ltE%BStFﬁgé°n beneath said gate
| 10 electrode; and | |

.: - : '~ a second deplet:.on mode MOSFET hav:.ng a

| conduction path coupled between said second electrode of
k ' said first depletion mode MOSFET and said source of said

fourth reference voltage, said output of the voltage
15 source being provided at the junction of said f:u:st and
' said second depletion mode MOSFET's.
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conn

coup

cted to said source electrode, a storage electrode 5 insulated from
w‘bstrate a potential well region in said substrate under said '
¢4v el ect r ode,

coupling & second reference vpj,tme;ﬁpuﬁalaimmrtagefwregt 7o, 6 g

source coupl e

" source for su

si gnal having
causing a tra
wel |l region a

~region to lea

char ge dependent upon;t- iatlve ﬁotentL f erence betmeen sai d gate

- and storage e

conpri ses: fltwtw’étéh Sﬁl;.ﬂ?%tsf eaéxeéaﬁoaéoungl aam %t'buﬁwlrél%dﬁrode, _
age repe I r saecon ca Lt ve ,e enen
mepns, tar FoNGiing; ¢ ELretorRTesRncel Valtads 1o, #aid ‘gate

respecti vidy, electnods, amealﬁssﬁorl copplingva second xebﬁanegznrmagbt 0

operating vol
serially coup

REE YA e T ey

sad:nces tededtrode | cactource ngegioh ini said isubstydtel for

Eihileclad 6% 5 L8 WbaRLY SDUCEPORE]. U didddgd bt Apen

causing a &r adﬂs@tlmttﬁ&'@ sauh subgitpatent Rapotentiadgwell region sinr ce

ééldn&&r e&i&nétaka | éléeereae,arhﬁwraaéé

ated from sapd,

sai d source elteoct%o aqégr?ge e ?%Foaeso rggﬁacou%]‘ﬁﬂc% %féﬂét

means responsive
vol tage to saiaf jaaidl igate oan@estomﬁge&ecsapdeﬁun@n @ pulse SQNIGe)| tage -

IrstTcon ng sail re erence

| evel “during sgiud gt d,l,aB periad; 35 . to said BAfe féi%&:f&ie

coupling said CIFCUIt no
second ti me' pe® od,PHIEe SRR

at said JWﬁCtwﬂrSENﬁhﬁ€QQéﬂldd|féﬁecbﬂﬂﬁhg a transfer of charge from

said source region to £ill said potent;al well region and
a.second voltage level during a second time period for

- causing a transfer of charge from said potential well

20
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30

region to said source region to leave stored in said

_potential well region an amount of charge dependent upon

the relative potential difference between said gate and
storage electrodes, . wherein said pulse
source comprises:

first and second terminals for providing a
source of operating voltage therebetween;

first and second capacitive elements serially
coupled between a circuit node and said second terminal,
respectively, the junction of said capacitive elements
being connected to said source electrode;

a source of reference voltage}

first means responsive to a first control signal
for coupling said reference voltage to said junction for
developing at said junction said first voltage level
during said first time period;

second means for coupling said circuit node to
sa1d first terminal at the beginning of said second time
period, in response to a second control signal, for
developing at said junction said second voltage level;

* [ L [ *

and a gate el ectrode insulated from'said substrate and
gl between said storage el ectrode and sggd source el ectrode,
ng a first reference . voltage to said gate 10 el ectrode, neans for

neans for

e, to i d flrst ternlnal at the of said
L havingoh et vpitage; lavek GHIIRG! By, 'ng

L ]



-16- .t.hird means for coupling said ciycuit node to said second tern1na|
t.he  end of said second time period, in.response to a third control sigs

for 5 devel opi ng at said junction said first voltage |evel; and - me
for supplying said first, second and third eggtrol signals to said fi

second and third means, respectively, in the naned order. 10. A Charge
Coupl ed Delice having an input 10 circuit substantially as herei nbefore

o on M e MAER Fof o Uypt S SARAL hdid 490
- said second terminal at the end of said second time
period, in response to a third control signal, for
® developing at said junction said first voltage level; and
- means for supplying said first, second and third
control signals to said first, second and third means,
" respectively, in the named order.
10. A Charge Coupled Device having &n input
o 10 circvit substantially as hereinbefore described with
. | reférence to Pigures 3 and 4 of the a2ccompanying draw1ng
o in conjunction with Flgure= 1 and 2 thereof.
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