CHARGE TRANSFER DEVI CE" 5 ' The invention rel ates to a chargeq' ‘
transfer devi ce.’ Charge transfer ‘devices generally conprise a series of

Similar sem conductor cells each having an input, an output.and a

capaci tance ,for ‘the storage of a charge which represents information and at

| east one control el ectrode 10 for charge-transfer, the input of
sybstantially each cell being coupled to the output of the pr ecedi ng

cel[l and the control neans ' #ﬁéﬁﬁi&ng 6%9 applying clock
signals to the control electrode t LG8 s 15 of
consecutive cells in accordance wth a cyclic pernutation in order to

control the charge transfer in the charge transfer device. Charge transfer
devices of the aforenmentioned type are inter alia known fromUnited States
Pat ent Specification No. 20 3,666, 972. These devi ces have the drawback

that duri g transfer ofheanwmﬁ&n 9@@&&% %%eﬁ&%oesmwedeheé the charge
ev

transfer ice to a foll ow ng*cel a residual arge renmains 1 n the

first-mentioned cell, CEFEhITaReIer; fvicas srreFAtlydeomriene spyefe packet
transfer decreases amtmcsamibyndd&eof ec%u_wwacﬂﬁxavmg aahdi@e, i added to a

foll owi ng signal acket | ch roug h.. Qbvj ousl he first

ef fect can be overqgl H °ﬁ§%? F}?’ ‘gﬁ o] D t‘ﬁfe a,Phangs Mg s gnal
char ge packet. Hmve#entﬁmfgemmneﬁddeat Iyastone sentirol " ehearbdg” of the
si gnal chgpge pacm,cegrg@aérmef@#xttéég oENSE IR, PRELEL P gl STOT L Ed 30

under the i nfluence of 1ts predecessor. Cri ption o IS probl em can
be found in the repdtt ‘Eﬁ“&hebeIFhsrdc‘rmbﬁrﬁatf»@nath@orﬁ%?emte ofi the

Technol ogy and Apmacaﬁmmgowarg@lpom@d Beyi cesae bl d fhoaSept enber
1976 at Edi nburg Jn an aﬁt&;ﬁg b‘%/ Chovvan ec and J[—iobson on pages 227-231,
curd e

entitled: "An Anal$% 'fvea‘Fl? P& W ‘Appﬂ%%&]r%n to Ml
Radar Filters". to Umhé noww 5100 Ut | dhsc t odde saf d q:l:roblemme{etors

concentratgd at igpr oyl d s Pas G £l {d5eldeo Pilnd S, Qlyes rise to
a cyclic permutation im order to control the
charge transfer in the charge transfer device.
Charge transfer devices of the aforementioned type are
inter alia known from United States Patent Specification No.
20 3,666,972, These devices have the drawback that during transfer
| of a signal charge packet from one cell of the charge transfer
device to a following cell a residual charge remains in the
- first-mentioned cell', so that firstly the magnitude of the-
charge packet transfer decreases and secondly the residual
25 charge is added to a following signal charge packet which
passes through. Obviously, the first effect can be overcome
by linear amplification of the attenuated .signa.]'. charge packet.
However, the second effect gives rise to "smearing" of the signal
charge packet, so that the next signal charge packet is distorted
30 under the influence of its predecessor. A description of this
problem can be found in the report of the "Third International
Conference on the Technology and Application of Charge Coupled
Devices'" held in Septembef 1976 at Edinburgh, in an article
by Chowaniec and Hobson on pages 227-231, entitled: "An Analysis

35 of CCD Recursive Filters with Application to MTI Radar Filters'.



conpl ikcati ons, because such an inprovenent should be applied as many tines

as the-nmunber of<cells contained in the charge 5 transfer device. It is-

ah object of the invention to provide a charge transfer device which
largely mtigate$ said snear effect, wi thout nodifying the individual
cells. According to the present invention fhere is provi ded 10 -a charge
transfer device conprising a plurality of simlar sem conductor cells, each

ce having an input, ,.out put . capacitance for the storage o har ge
Shi Ch repr osent 5 bt oL GHEdFuBionss &S (68, SR BT o8 arer beEgrTateR o0
el ectrode, the iapuinprbvinig shartaisit [cplbaitisel ) bud Sthis divieagriseotpl ed to

the output of t . | C a i v] ded for
appl yi ng cl ock sicglﬁﬁlllgsgg&t g&ccogﬁ%ér oﬁ% gglaenc%{fesem %ﬁ- gg%@?cﬁ?iaggﬂéée ls in
accordance with as manyctimes perthetnumben off gebladeentadnedinr the chargehar ge
transfer ingthe ghaderZfbvicelransfer device; a detector coupled to
the output of one of the cells for. detecting the magnitude of a signal
charge packet on sai d&utpar ehigct iR Ehe drvertion tR) PROESepR RAFE®N char ge
packet, and a feeéRfsfer dévicé Gihidh diabgeBA it irRe el Seadherfeet packet in a
by one.cl ek per MR A SR EATEHERE SRSt coi dual charge. v ch | ags
the original signal clacgelipgdiccthdpresentcinvdatpen ithdre iits provilded pr event ed
that the nept signgl ; .&ﬂ | . [ d by the
sai d residual chgr ge. %Q%%gsg%pnggﬁégl 0 1?‘%’:#%% %%Fggﬁ%ogy eriplxe/i ng a
conpensat i on chasgeidondustomecellisgi ¢eaeh etdds havipgchr tingwdh soutgutai d

conpensat i on chapOgagda@itdlfceNfort thé Wdkagd'dUthape hitlich PHRdbadRky Or after a
| apse of time. Thus, it is not necessary to inprove the individual cells,
so that substrat dnfgr@ation aadaf legal ope ohpeee frapsfer sopExali ve t han

provi si ons appl i €xkctpodagCheliendinputliabf C@ubstantially each cell
15 being coupled te the output of the preceding -
cell and :control means being pfovided for applying
clock signals to the control electrodes of consecutive
cells in accordance with ‘a cyclic permutation in
order to control . the charge transfer in the charge-
20 transfer device; a detector coupled to the output
of one of the cells for detecting the magnitude
of a signal charge packet on said output
and therefrom deriving a compensation charge packet, and a
feedback path for adding said compensation charge packet in a
compensating sense to thé'charge packet which iags said charge
packet by one clock period. : -

By the compensation of the residual charge, which lags the
original signal chargé packet by one clock period, it can be
prevented that the next signal charge packet which passes is
disturbed by the said residual charge. This compensation
can -be obtained‘by de;iéing a compensation chargé from the original
charge packet and adding said compensation charge to the next
signal charge packet immediately or after a lapse of time. Thus,
it is not necessary to improve the individuél cells, so that .

25

30

35 :
substrate area is saved, whilst this is more effective than



It is.advantageous if the conpensation charge is derived fromthe signal 5 '
charge packet wi‘t hout said signal charge .packet being disturbed. To this
end, the detector may conprise a 5 buffer anplifier with a high-ohmc

i nput and a | owohmi'c output, and a first Xapacitor. The conpensation
charge, which has been taken froma specific point, may be added .

ir]%edl ately to the next S|fnal charg packet , whi ch Is | ocated two or nore
cells back in P?%“Gh%ﬂegépl’ ledste each igdividual tepldn; o end, the buffer..

anpl i ; I eL mayI Fe I ]pze[]ﬂs a@va&mdgédu% mrtub é&tpeb&tﬁf@ﬂymr&ﬁfﬁd ﬂslt)cliéﬂie;-e@ut put IOf
one of the cells of, the transfer i cell t contro
el ectrode of tHEP% Fﬂﬁsﬁ‘?%fl °o§°‘ ?’bﬁ?"(‘-}g W%‘asﬁnfgthﬁr%l?eé‘ﬁﬁhal one
of . the el ectrbelixg distirbedd r T mPaAﬂd,othd)dbt@toormcbmbmaetme 15 out put
of the buffer f i n.C £ f t stor
the main cﬁrreng 6&%‘&3{*\"%&5%@%&3@%& S g'ﬁlt%&)ar rig'Ir'\ é% F J&Ei

with the firstardhgadinsdr capasitors ot her el ect rode of the f| rst capaci tor

bei ng connected to ¢ BHpdHshtin kﬂ&%el&mcafnwbs& Gakén tfbsmcep%s&m

el ectrode can al so be coH%roI lLled 20 ryL first _ clock si gna nd
which cell pPUidddcy paadded frmediately $a;Fhe next piegal fHenge sask %hen t he
conpensati on cigicheis aJeeatéd AW aarsa&e‘d teipoast idUthd@hargeatiamifed he cl ock

D5 at & plecclftgopori CHE ahLs Shaaer AMPLbE B be Lrfeptis BhE SR
buf fer anplifi mputanyaqbebenmnmenw to ngheaodtputtsof mpatqf the delits nefl kheur r ent
path of a thir € "Pladbflr WAAS 6PUAIEH L Ol Bl U BEr AT 1 NE

cells of the char rans evi'ce 0se con tro can e
control |l ed by the transigter kcaaob% |cgn’@nollsqhéw aptirsgfclogls W@-’b{ onaf fier

further being gpnReediedabs Jehend TRt @h §éitgr°€é:.h VdoAnb&ed™8é theUr I ent  pat h
of a fourth transistor, the output_of tﬁ fer [ifier bei n connect ed

to one of Ihe PWeEE Hydhe Jmiten aF'P?'%“flei‘,'aEﬁ:itP% e path eEt‘T’G&E i s
connected to atpeisiste, mémaﬁdqimi-m path \oraatdaeomltﬂaﬁairsteﬂtbeaﬁgh of a

fifth transi Stac.)t[ anggdt 8 § heal’lgf) tﬁf a&‘f’rst capacitor and the other electrode
of the first capacitor being connected to the output of the cell,
of ﬁhich cell the control elecérode can also be controlled
20 by the first clock signal and which cell precedes the
said cell,

It may also be advantageous when the compenéation charge
taken from a specific point during a part of the élock period is
stored and subsequently is added to the next signal éharge packet

25  at a preceding point in the charge transfer device. To this end
the buffer amplifjer may be non-inverting and its input, via the
main current path of a third transistor may be connected to the
output of one of the cells of the charge transfer device, whosé
control electrode can be controlled by a first clock

30  gignal, the input of the buffer amplifier further being
connected to the input of said cell via the main current path of
a fourth transistor, the output of the buffer amplifier being
connected to one of the electrodes of the firét capacitor, whose
other electrode is connected to a point of a fixed potential via

3 the main current path of a fifth transistor and to the input of said



4 cell via the main current path of a sixth transistor. Further, it may P -
advant ageous to‘store the conpensati on charge taken froma specific. poin
for one clock period and subsequently adg it to the next signal charge :

packet at the same point. To this end the buffer anplifier may be
non-inverting and a second capacitor nmay formpart of said detector,-the

~ipput of the buffgr @{?%§L"%Eﬂ2%gn€%%%ﬁg %%Ph&agg%%% of one of the

cel'ls of the charge tTans ) , 0se con el ec & can be -
controlled by a 10 Funthers itapaycke asivgnbageous ffe stapguthe gpmpengation f er

amplifier being énarkdHarer ot £ pedifcl PAnTRES: GHE 'ABEK Ridrlo®fand seventh
and an eighth transistor resqgsct ively, to one electrode of the first and

the second capacfiesPateREbeadd ¥ fo thangxk sippal charge pagisd &% 8¢ and the

second capaci t orsdmei pgint5 To thidendithd bufferpaiplifidr haged potential via
the main éurrentnodoath Q t andéa\ ent. transi,stor Lteggect.i vel y and

f.a nnth
the other electr é'l%‘Ferttﬁ%g faflas? s@ﬁ%‘ém BICaRt T e TE BT p or being
connected to thedebettan, -bhe tinpub Wil the dnPferf applifite bedng congeutedhi ng
transi stors may | ; HRTRLO c'ﬁﬂ?g’t | | ch charge
storage and del |%F§¥$§‘qg‘?}f %}:fté% gat%rrat%céﬁ Pg t?/‘leaét Bp%#agrs?%y of the
si gnal vol t ages.demAcentvbaperfenrlt rRlechEndge ¢amnbe contierliled By atcor dance

with the inventigrsts dibek efs@graiGha¢iRCt ehgutedof Nchéabugfdd det ector
corrprises1 further giuffer anplifier with '

. . 25 hi gh-ohmi ¢ i nput and a
ow. ohmi ¢ out putSTRLELSS PeiAE SHEHieF; cAnngrted nBia the A HFERL ZAER 1 or
bei ng non-i nvertémg sévdnohlandt & edghtlpramsigbor respevtivelit,Choexceed a
specific thresho ei ng ! r t LAP f )
Aol 111 et bei ng o AEqtEa0F S0pld BREE LR tne. BohfN et oo Spdibe sy, o 30
transfer devi ce,thehené redactnodeof fhe Hirsh sndethensptordd enrpdedton) bedngected to

t he out put,_of t | I § 3S bt Chds@r ' arranged
bet ween t H& i_npB‘fongﬁ%%dﬁg‘?(ﬁ%ﬁﬁpg?e{ﬁéb%ﬁgﬁ%n%@gr andctheeagu_t put s of
the buffer anpligatBrofhfdnintd prg @hbenth, transigion rerractirelygandit®econnect ed

via a coupling 3dther élisc€tdde of the first capacitor and the second capacitor
" being connected to the output of the buffer amplifier. '
| _ The use of switching transistors may be avoided by
20 employing a circuit in which charge storage and delivery
is effected automatically via the polérity of the signal
voltages. An embodiment of the charge transfer device in
accordance with the invention is therefore characterized in
that said detector comprises a further buffer amplifier with a
25 high-ohmic input and a low-ohmic output, the buffer amplifier
and the further buffer amplifier being non-inverting and only
those input signal values which exceed a specific threshold
value being transferred, the input of the buffer amplifier
being connected to the input of one of the cells of the charge
30 trensfer device, the input of a further buffer amplifier being
connected to the output of the said one of the cells, the first
capacitor being arranged between the input and the output of. the
buffer amplifier and the outputs of the buffer amplifier and the
further buffer amplifier being interconnected via a coupling
3  circuit.



It is advantageous if the buffer anplifiers are as sinple as possible. Fo
this purpose a further embodi nent of the charge transfer device in

accordance with the invention is charact®rized in that the buffer anplifi
and the further buffer anplifier each corrprlse a transi stor arranged as a

follower. In order o hay, rati o betyeen the
mggni t ude of the si gﬁa:] ﬁ‘%" S PACKE t }qfﬁgrf Htﬁg TR SHetfs char ge
when desi gni ngas iresgibliese Fq:hthxﬁmptpqsg d (Purthsrr emqumayt obnjhei. se a ,
resistive atte@hlﬁ'tggrtraﬁ%féﬁ%%h&“inoic&g%@%ﬁ:hoé  Taver ? of QP! ing circuit

may be a variable Tesistor in ord sai o0 be influenced

external ly. ThEhdTRFEsRiZeR i thatshe Jurfdes ampbifier igndntle Sirtheanpl e, 15

with ref egencevifferampas e a0t REmEliadi £ FFandist¥disPandddlas b i S the bl ock
di agram of5 a dglﬂ% stage of a charge transfer device, in which a transfer

i nefficiency occu (el = gs. 2a, 2b and 2c show bl ock diagrams of three
di fferent verS| ons Ei ocxdéx ddbbe labatte haven conkrophefs ¢he hmitfe Hetaead er

devi ce, uBe GHTRENSA gnalc%egg &%@l eftﬂééf)%at SI gnhal charge

packet can be a ded”to the next s e pac ch Fi g. 2a
represents a feRVPSREALigRt hapEe ofhen rnsdeningothridayicesi the 2bupldpgesent s a

feedback gath wdvicelt S p 1§|§|aa¥e§3£t§vé b8 €éduaRoLf weleshe% period, 25
Fig. 2c represe}; %ﬁ/s" egqgt%c t = whi ch causes a de | ay of  a fuII cIock _
period, Fig. 3° ik ‘é‘?’r‘@&%ﬁ%ﬁ?"‘ﬁﬂ’ e b "gEialensf er device’

in accordance resllstdme.nl erdent toenalisatd gt tocsaskidenssa W t hout a
del ay, 30 4 shows a part of an enbodi nent of a charge transfer
device in accor’g'ance W't h the invention conprising a feedback | oop

produci ng a del ay bjhepinvendiow widl newcbe desemibedsl byFway of etsomiea part of

an enbodi RNt Gftht REPFRAED Yot {11 8L &ImpHRYInECatiAES 0L HARGER W th the
I nvention conpri si rﬁ a feedback_35 | oop producing a delay by one full
cl ock peri od, g. 1 is the block diagram of a delay stage of a charge

transfer device, in which a transfer inefficiency occurs,

Figs., 2a, 2b and 2¢ show block diagrams of three d:.fferenf

versions of a feedback path in a two-phase charge tramsfer device,
20 Yvia which a compensation charge derived from a signal charge
" packet can be added to the next signal charge packet, of which

Fig. 2a represents a feedback path which imposes no delay,

Fig. 2b represents a feedback path which causes a delay by .
a fraction of the clock period,

25 Fig. 2c represents a feedback path which causes a delay of
a full clock period,

Fig. 3 shows a part of an embodiment of the charge trensfer
device in accordance w:i.th'the invention comprising a feedback
loop without a delay, ' |

30 Fig. 4 shows a part of an embodiment of a charge transfer
device :m accordance with the invention oomprising a feedback
loop producing a deiay by a fraction of a clock period,

Fig. 5 shows a part of an embodiment of the charge transfer
device in accordance with the invention comprising a feedback

35 loop producing a delay by one full clock period,



)
6 Fig.- 6 shows a part of another enbodi nent of the charge transfer devi
in aCcordance with the invention conprising a feedback | oop, in which a

tlel ay equal to a fraction of the clock period occurs and in which the use
of switching 5 ° transi stors has been @voi ded, and Fig. 7 represents the
clock signals [err] and [err] for use in the charge transfer device in
accordance with Figytes %a 2b, 2c, 3, 4, 5 and 6. As already stated in the
ifmr oduction a smal Iuhﬁar showg ¢ pary |of Qather emhotipent o Lhe baBEs in the

first cell whentrahaféai detidegin stcaifdincs hathetivshvdntioweonprigiak!l of a

charge transfer Lee to the, next .cell.. This effect ,is refer to as

"transfer ineff? %gé%%afk' f%?’t%"%%"é‘%@nfmfgs?%‘fﬁii I§°z§ frf?@:;"ﬁi"sé(’:?g?e system

t he transfer frelochperded mecurs @nilsin whinhs thd Mise of Iswisdhiaged by neans of

the s-tragsfor MpediBistohlana 86dR WRY; agrmﬁr ded as a general -version of the
Cri

wel | -known Fourier transform as is de ed on page 45 ff. of the book
"Digital Signal ProcB&sihgernsenspcinerinak aignale frefpe F‘l’qzmﬂ"qe Hal | Inc.
19|7_5-OI fl mi Itﬁrl )&n{doﬂ'm,l? E&Uﬁx[herini[ tggsehaf% atrdﬂﬂesl) aéﬁeeeﬁua&édiﬂahf& 20 |
val i or e z-, sform,_ [eLr ere n) is a series of signa
sanpl es def i ned""éf{‘ %‘Ef%tzé'i#&’t_éﬁt S Hhil ﬁd@ the present case it is
assuned, for the sakis elrendgpstatied\in thetintreducticd &) smalanpart b$
consequenig y a nm;p‘ it he [ _th bei z: transf or m of
x(n). If the setﬁlgggi%ély gn% I@é’%rg? eSS sd%??}@dfg/mo%%isghr% ing 30
period, x(n) beensterring B shgnkl thange BBket frogrenexcellspfis chhrge

Z I-é(r)ang 3; |mt ?‘;nﬁﬂﬁsfﬁ" BUPLLeS S 1the MxtSEANR! ThisS@PRIESis rBEdnred [t S MRY
as "transfer inefficiency". As the present system is a time-

. discrete system, the transfer from one or more cells is best

15

illustrated by means of the z-transform. This transform may be

regarded as a gene'i*a_l version of the well-lnown Fourier transform,

as is described on page 45 £f. of the book "Digital Signal

Processing' by Oppenheimer and Schafer, Premtice Hall Inc. 1975.
2 Similarly to the Fourier tran:sf.orm a definition equation is

valid for the z-transform:

4

XMz) = x(a)z ™

n=."~

25 where x(n) is a series of signal samples defined at discrete
instants, whilst in the present case it is assumed, for the sake
of simplicity, that 2 = e 9% and g is consequently a complex
number with |z | = 1, X(z) then being the z-transform of x(n).
If the series of signal samples is delayed by one sampling

30 period, x(n) becomes x(n-1) and:’
‘o
X'(z) = Z  x(a-1)z"
n==n

35 where X'(z) is the z-tranaform of the delayed series of signal



[err] «In the z-domain a delay by one sanpling period is therefore ’
represented by a'nmultiplication by [err]. |In the case of a two- phase
charge transfer device a charge sanple is shifted by two cells during one
cl ock period, so that the transfer fromone 10 cell wthout transfer
inefficiency may be represented by: [err] 15 If the cells exhibit
transfer inefficiency then, after a si gna? packét has just passed through a
cell, a small fraction [err] of said packet will be left in the cell,. which
after one cl ock L0d 4 s,addgd. to the next signal charge packet, whilst a
portion 1 - [er?%%o?gt’f'ndg'z)'igl Efmgyg’ﬁ'gf’aéené’f'b ®Bicket remains. 20 The
transfer of a cell nmay thensbe witten: [err] 25+~which is illustrated by
means of Fi gur egdgyWoiofl r%resq&hgqﬁénh‘lbgkz-m a@m of.8,5®! | etza charge
transfer device which exhyd{Tg,transter ineffici gn._y_“,lnntﬁ'e caSe 0" "2n
cells arranged after each other this becones: 30 [err] which in a
1st-order gmpproximati on nmay be witten: 35 [erf] -~ The
nost annoyi ng ffq(':]t or in said transfer is (1 + 2n [e.rrd]: because this | eads
to smearing of Th&beiZHgraim g, Rty bk ere sampling peripdcis Jbsrefare| aggi ng
resi dual char gerepFegerdtiednisf @r mileti phicatiph cuyed'hy Lo e NSel 6P Lhwsai d
factor. It wll_.now he 5 dénpnstrated that this js possible _as regards
the 1st-order t%rmeb%aﬁﬁgntgaﬁgp ThEeTifred cg'ﬁﬁﬁﬁisﬁgﬂjr% lgfsqﬂfge‘i@rbﬁ’trans_fer

devi ce nmde in ecedderdtumuog omet tlackepemivdytsoobhatiithe ctriahsfdr dragoass are
shown in Hggure : The, d f h Ll ) of such a -
&&zamt%@n@rﬂ'aggfer gﬁeﬁfggﬁ"e&fbﬁge zgega egdrited |

charge transfer device IS connect outp pr ecedi ng
cell, except the input of the cell [err] which is connected to the signal
input I, to which in known manner signak sanples in the form of charge

packets are applied. X' (@M¥lz)t adlji(Ad Iuente of the clock signals [err] and
[err] said signal e

15 If the cells exhibit transfer inefficiency then, after a signal

- packet has just passed through a cell, a small fraction € of
said packet will be left in the cell, which after one clock
period is added to the next .signal charge packet, whilst a
portion 1 - £ of the original signal charge packet remains.

20 The transfer of a cell may then be written: -

X'(2)/X(z) = By(2) = (z2/1 - € sHH(1 - €)

25 which is illustrated by means of Figure 1, which represents the
block' diagram of a cell of a charge transfer device which _
exhibits transfer inefficiency. In the case of 2n cells arranged
after each other this becomes: |

30 Hy (2) = [2°Y(1 - €2H2] (1. )=

which in a 1st-order approximation may be written:

%  Ey@ =zl -x€)1+amEs




charge packets are transferred fromthe left to the right through 15 th
chain eof cells. {n the charge transfer device shown in Fig. 2a a
conpensati on charge packet is taken fromthe output of the cell [err] whi
packet is attenuated by a factor:[err] via the attenuator circuit A and is
inverted and applied to the input of the&ell [err]. This 20 is not
attended by a delay in the feedback path via the block A In the charge

t fensfer device in accordance with Fig. 2b a conpensation ghamge is taken
from the out pufhemoshanpering 8aqtpr isnisaid ransder 8 (@nhaAoF %i deuit A and

the cell S I spéddussuptiath eads! € Rfearingest @de AHIGnaD Bhiaree Hacikdta | nput of

the sane cell [err]. . Finally, 25 in the charge transfef device in
accor dance V\Aﬂfilfllg?eb?ccﬂ?ésc%mﬁ%a éi'ﬁ"éget’ak ?F?ﬁﬁ fhe out put

of the cell [ehdg be Dot byccbrpensdtdon antk spid actdrt.er It anlhgolwclen

del ayed, attenyated and.inverted i.n the.fee . LhSd t he

att enuat or 5A aﬁﬂm’f‘ﬁgr%gfil gheg Ergjhsd 1§"I?°s§bbfe Qg@e%g? Hgo’!tﬁg\%o{nﬁ]egge char ge
transfer devi ceermvhpseeab ork the direenembodiments iaf Fheygharge tranafery ansf er

may be represepiadeiadel B4 'decirtance with the jnvert2bi] whosé bRbcit @ibgramsWhi Ch

in a 1lst-order approxinmation yiel g: err Here it is _assunmed_that zn
[err] 1). Thi saash@hewn tiat Figwees Raandherd % f The ippukaf #acdse’)tland t hat

only a linear gstqnuetijopsfachal chirgd thaidfhr)ddvaBal 185 colrected itai tiy _way
LD e el TS tan e, S5 e LR S Blogk phegiarg of I ures
accordance wi t #hidhgiis ednRectedbtarttie 2eighhl impht I,eto |whinly imekiawn owed by
further cell S'manner signal samples in the form of charge packefs are applied.
Under the influence of the clock signals ¢1 and.ﬂ2 said signal
charge packets are transferred from the left to the right through

15 the chain of cells.:

In the charge transfer device shown in Fig. 2a a compensation
charge packet_is tgken from the output of the cell sZn’ which
packet is attenuated by a factor 2n€ via the attenuator circuit A
and is inverted and applied to the input of the 9911 San_1. This

20 is not attended by a delay in the feedback path via the block A.
In the charge transfer device in accordance with Fig. 2b a
compensation charge is'taken from the output of the cell San, which
via the attenuator circuit A and the cell S' is attenuated, delayed,
inverted and applied to the input of the same cell Szn. Fina}ly,

25 in the charge trainsfer device in accordance. with Fig. 2c¢ the
compeﬁsation charge is taken from the output o: the cell S2n and
applied to the same point after having been delayed, attenuated
and inverted in the feedback loop comprising the attenuator A and
the cells S!' and S". ' .

30 For the two-phase chérge transfer device, whose block diagram

' is shown in Figure 2a, the transfer may be represented by:

@)= [0 - Bt -8at]122, [a-€xin-eastl
s 1+ [(1- €)1 - €22 J2meE



Fig. 3 shows in detail a part of a further enbodiment of the charge -

t ransfier ‘devi ce i-n accordance w th the invention equi pped with N-channel
MOSFET' s which is in conformty 20 W ©h the bl ock diagram of Fig. 2a.
Heke the feedback path is -constituted by an i.nverting buffer anplifier

[err] wth a gain factor -k, whose high-ohmc input is connected to the

ou{ put of the celor [err] and a capacitor [err] which together with the
transistor T is connected in series between the output of the a 25 .
buffer anplifier B and the jnpu, of the cell.[ekr] .. The tkansistor Tb is
arranged in parall eIH'\mkﬁ) t’-%ejzca(ﬂa%% ot (t+2n§ zT?‘\é <OETRE @t rode of
transistor Ta is driven by the clock signal [err] and the control electrode
of transistor [err] is controlled by the clock signal [err] . The control
‘el ectrodes 30 whiéh tihea Clgtiordet dgpeoridatdgen tyialdd:er device are controlled
by the clock signals [err] which are shown in Fig. 7 and, as can be seen,
are switched between the voltageg O and V+ in phase opposition. The clock
signals [err] are deriH\7§Ip(!\‘)r§fm!'cIalé“-ta1 K signals [err] respectively by, as
is al so shown 35 in Fig. 7, adding a suitable direct voltage to the

| ast - menti oned clock signals and, as thg case may be, raisi n% t he

anpl i tude, ;0 (Here fLirig pesymed that; & [ L4 Ve ardpethowe thatsthe ches. The
operation of -thesfwdriiah effecthdis’ shppPeSsedrand Bhat vallya QRAsHE aPbaigRtichl i Ves

t th t put of I .. Th | ock, Si I th | ock
o e UPUL Of Al Lol emptol™ B §Cfad} e ' by Byl
conduct. At thisfprmiaatcan be glezivedofordbeaipsrdiagranshof Rigpres @b ae cel |
[err] as a resgpl gk &fig ﬁ@'ed?gée%r@ﬁa@%ﬁka{e chiulde M?T%V%gh%@ d signal

charge is then inverted and ajot_gxe ed to the capacitor [err will drain
charge frogg t he 3BtIRePTIRCEHEEFioures Fa, P @ad 2k the aelt iy geahdeket 10
and the residual selwee W fidvheki ¢siltslent i oned signal charge packet are

| poated, By eans of B, SChlrEL Yontilh, Y, B HrdlT thoSlak 1}
' the charge transfer device in accordance with the invention '
equipped with N-channel MOSFET's, which is in conformity

with the block diagram of Fig. 2a. Here the feedback path is
constituted by an inverting buffer amplifier B, with a gain

factor -k, whose high-ohmic input is connected to the output of
the cell S,,, and a capacitor G , which togsther with the
transistor".l‘a is -conpec_ted in_ series between the output of the

25 . buffer amplifier B1 and the input of the cell SZn-‘l" The .

transistor T, is arranged in parallel with the capacitor Cp.

2 -

b .
The control electrode of transistor T , is driven by the clock

- gignal ¢'1 and the control eleqtrode of transistor Tb is

controlled by the clock signal .\ o° The control electrodes

" 30 of the cells of the charge transfer device are controlled by -
the clock signals ;41 and :62, which are shown in Fig. 7 and, as
can be seen, are switched between the voltages O and V' in phase
opposition. The clock signals ¢'1 and ﬂ'a are derived from
the clock signals ¢1 and ﬁa- respectively by, as is also shown

35 in Fig. 7, adding a suitable direct voltage to the last-mentioned

clock signals and, as the case may be, raising the amplitude, so -

ta



charge)’ can be made equal to [err] times the 15 magni t ude of the origin
si gmal charge packet so that full conpensgjion for the 1st-order residua
charge is obtained. ‘It will be evident that the output signal VO of-the
charge transfer device can al-so be taken fromthe output of the buffer
anplifier [err] tB&t the transfmr i aha cén Gpbfdte as RAdtcHds.2 NDre
el abor at e erTbOd‘I'HEQ%e?%tthe ﬁ r.a fer ice in acc%i‘ggnce with, the
i nvention equi pped -The Bf 28 T o AAcpRe n conformty
with the bl ock @i ehpram nsickst gu'rms Her’@etdwzphéemﬂ)ahk cedl 8 nclThdes a
non-inverting byid&s sﬁmll | [ p, | i The i nput
of the non-inverti n% B %d ﬁ¥l er err% ﬁc nnect e%ntoeﬁ% 1ot put of '
the cell [efr] ¥had tra?ers;%ﬂa[eﬂrl contiect o ﬁﬁetmmsmttmelm cell via
transi stor T4. ?h:eeagut@ﬁeaﬁé otnhaxd)uﬁﬁﬁit aﬂwhbfd:éﬂ. SS G.Qrk{‘%kﬂ% b® tnae one
el ectrode of cag%f(* %e” |Is e other el, said capacitor . .
is 30 connecté YR I OFf 74l $ﬁ91"§e["€r Fenvia a
transi stor Tb5. Enwetrﬂred atnldeapplriednﬂo tlmrpapmson (1] r,amehtmnl[ ardip u&m@b S
arranged bet wee t | .@cir o t he C and _t I nput
g B 58 S LICHLO U010 GRBEC AL ek dukr dabils |0

of the cell [err] nt r ol oms?’ r ansi are
control | ed By t fed @Bc%%ﬂgﬁaphmer?f\ihhﬁl Lirstimengionedobigniad cehavdes of

transistors [er phaeare 168iHea0! IHdndirahof ftfe +££kfa§:‘t99611 olectrd wilhpeeh cl ock
signals [err] are detived fro the ¢ ﬁ%k si gna err] in the sane vvay as

stated previ ousfEPLAFHEF el rB‘F"‘t tygen: bhe 'Pi“%t?ffﬂtq garacikor G, \men a
si gnal charge pank@heamﬂ.uueﬁ ahe tdapacitancs (X:Eeé RRe Cdirlivéd icharges hi gh and

R SRR R

transistors [err arge sa
si gnal char'ye puRgudtude oft¥henosiginell sisnalaphsrgeopadiet, |do tthet dudtk signal

10 [err]  nowRRSatiow #dza | SRL ks rfds; | ofildly e0id oBBalel,
subsequent |y the clock sr err] oes hi gf ransrstors err]

be ev:.d t that the output signal V of the charge transfer
device can also be taken from the output of the buffer amplifier

_ By : .

20 Fig. 4 shows in detail a part of a more ele.borate embodiment
of the charge transfer device in accordance with the invention
equipped with N-channel MOSFET's, which device is in conformity
with the block diagram of Fig. 2b. Here the feedback path
includes a non-inverting buffer amplifier B, and a eapacit:pr

28 ¢, The input of the non-inverting buffer amplifier B, is

P

connected to the output of the cell SZn via transistor El.'3 and
to the input of the same cell via transistor Tl;.' The output

of the buffer ampli.fier is connected to the one electrode of

capacitor C whilst the other electrode of said capaeitor is

and the val ue of the capacitance [err] the derived charge (conpensation @,

30 connected to a point of fixed potential (for example v )v:.a

a tramsistor T.. Further the circuit comprises a transistor '1'6,

5°
which is arranged between the other electrode of the capacitor

cp and the input of the cell Szn. The control electrodes of the
transistors T, and T5 are controlled by the clock signal ¢'1,

35 . >
whilst the control electrodes of tramsistors T, and T, are



vol Aage of the buffer 15 amplifier [errdy. Capacitor [err] stores the

Si gnal dependent ‘charge. It is favourable when the gain of the buffer
arrplifler Bis unity, so that for the buffer anplifier the output voltage
11 S ‘gﬂual Ej ) theI iaaprﬁ-ol\le&ditﬁ%a the Blééh’i'gigm.eﬂc pap:}zaé.oen.odk si@uits be

i sChar ged conpl g4,e t her r c e nsatlon
charge) fromthe odt%ﬁfB The cré'v%& ijg‘f"f’]at\%i & ‘i“%a??sqn&%lﬂg[ Cbvi ousl y
t he ragni t ude of imhéhe gape wautasnstated geevdonsly i nf | uenced by the magni t ude
of the capaci tof 1GeRbysbbed®br ALY E Qb 0D 21 ned. uhen: 25

[err] In the sane_way as for the prece clrcult is again possible to

take an outhut si"GFAI2 FiEnadnrhengecpaghet %?F"-f’?ﬁa%u’f‘?eef’u@"énﬁ itheegeldl. 30
Fig. 5 shows.a pa&.t ﬁff asfnj_rghrafd Ok bt se quntpnn,o@&uc&he mgaé;gﬁktransfer

device in accord %?el f, h .th ﬁnH?gn qu g&?r rfé‘am‘ﬁsn%%lﬁﬂ’ FET' s

whi ch device is in-con othy
Agai n the feedba@ﬁfpatAhOWsprsméea depiived) feont ithe dauifif signahdhatger . [er r]

havi ng unity gai %a ed t Y0 thidhRked ANAEL l;ﬂ%llf?!g%”] ]#h#l i & g#&g&nat ely

charged and di sc The input of th r Pa err
connected t¥ the omt’fﬂ‘ft gens Lo té‘éF‘F’-ﬂ*E??]T mﬂffgeméétﬁlh sofdeibuf f er

anplifier [err] isavssyuentiydhé Glbbe sagraredecidirbenich, cnahsiitorber r{gapaCI tors

Cp and Cg. The qt electr acitor connected to
the input of theaﬁgﬁée ? £[°é’r'r]Th°\/ a‘fqea?'fél‘%i’%‘?i]tf’ﬁr%]% to a
poi nt of fixed poberhs arax(dferregbgahqﬂaasédme}-e)m/aaﬁbnedralatMstpr] The

ot her el ectrode %Lt&é%ﬂaﬁﬁé 9_5 & ah &gn@g&%@dﬁ Qﬁ% fi ﬂ%u}nll!)@(; t he buffer

anplifier [err] V|a transi tor 8 an eé‘potentlal Vi a
transistor 18 lifier B Capacitor C stores the signal-dependent

will be turned on. The charge in capacitor [err] must now be transferred,
becaus€”there is-a fixed relationship between the input and the out put

charge. It is favourable when the gain of the buffer amplifier .
B1 is unity, so that for the buffer amplif:%.er the output voltage:
is equal to the input voltage. In that case capac:.tor c
should be d:.scharged completely and thereby withdraw charge

20 (compensation charge) from the output of the cell 8o 1
via transistor '1'6. Obviously the maguitude of the compensation
charge can be influenced by the magnitude of the capacitor Cp
Full 1st-order compensation is obtained when:

25 cp/‘::an_,I =2ang
In the same way as for the preceding circuit it is again possible
to take an output s:.gna.l V from the output of the buffer

: amplifier B1 .

30 Fig. 5 shows a part of a further detailed embodiment of
the charge trausfer device in ‘accordance with the invention
équipped with N-channel MOSFET's, which device is in conformity
with the block diagram shown in Fig. 2c. Again the feedback '
path comprises a non-inverting buffer amplifier B, having ﬁnity .

_ 35 gain and two further capacitors Cp ‘aad Cq, which are alternately



10 .T10. The control electrodes of transistors [err] receive a si gn I’)/.{
[err] which is derived fromthe clock signal [err] by renmoving the even

pul ses, whilst the control electrodes of t¥ansistors [err] receive a sig
[et(r] whi ch is obtained by renoving the odd pul ses fromthe clock signal
[err] as is 15 'shown in Fig. 7. For a correct operation of the circuit
I’%ﬁcl ock ai gnal chereed jandhdifchargede [The. inpudf 6£ dhertsiffer waplifiehe cl ock

al [err] as gl rﬁasbhns&@sﬂowehoﬁtepher@p%ﬁet&lfl o %heruat ¢ The
operation of the tircuit is as_follo Whe gnal char&e packet

“arrives at the ottt e R F’F\é’”@&q’-efe]?‘r ]’-so‘FPémBFtﬁdhE" d‘&ﬁa‘t‘ﬁ glactredq® exanpl e
[err] will be chfiregen dfothé]eapameﬁwmldamg CSLgImb othkt afd@ctrodehet for

exanpl e trapsistor T. nucts t hit ca I t

charged, th swrﬁ?p[agﬁgouspt’u ﬁ°%nnA§ tlpa g et ?gaﬁ‘gsg'fgggn%“pibﬁse@quences.
25 The next tB Heranfiator %pssdﬁmh paiah sifs fixes pieten]b:.al Wifb* be turned
on, so that the ﬁ'é@ W RN krddbi SAIAG | Ot othp RGN 6 g%éc#tegrthe .

resi dual charge of th revtous si gna gre pac
is charged to th éFg‘l’Pé!neﬁﬂdt i he %’E}W‘e‘éﬁé ai ¥ fen %@-%ﬁ@rﬁd ar ge
packet now bei ngt:tahaﬂ@tfo@r @nd3€d the po:.nt Jf Pixdd povMEid R4 ttrahsiierher

enbodi nent f a ransfer. .de ccord nce _wt I%—Eﬁ | nvent ion
equi pped W Ei’ %"?%Fl %ﬁ §oREis %’(ﬁ)gc 10 FAFEATS produces
a delay by half amgna]oﬁk penhn.dd ianderfiged viirom htheockubiti signaalﬂ'c‘l brk signals
are required. x%?m@#ﬁé’%e Yveh VgL fﬁ;lst th%%oﬁ%ie§%§é1rgﬁ’eé e gate

el ectrode of th ower transistor out put of the cell
[err] to the gat&aspigiorsdiy GPdt%er?Qﬁll"ev%rﬂﬂﬁi-n@f'époﬂh’E@r 8 obpaingden t he
gate el ectrode agpflréfidriagUEnCodn Quesdd B the 6136k dikRAa1 (8] [ las 18

capaci tor [ﬁrr] sjho arra@,gsed 7.Tri°eor a correct operation of the circuit the
clock signals ﬂ",‘ and ¢'“ should have a d.c. offset relative
to the clock signal #,, as alread'y stated with reference to
Figures 3 and 4.

The operat:.on of the circuit.is as follows'

20 When a signal charge packet arrives at the output of the cell SZa'
one of the capacitors, for example Cp, will be charged to the
corresponding signaJ. voltage in that for example transisi;or T9
conducts. Assuming that capacitor C q was not charged, the
simultaneous turn-on of tramnsistor T8 has had no consequences.

25 The next time that #", goes high tranaistors”tn? and T, will bs
turned on, so that the charge present in capacitor Gp is used for

- cancelling the residual charge of the previous signal charge
. packet and the capacitor C A is charged to the signal voltage
corresponding to the signal charge packet now peing transferred.

30 _ Fig. 6 shows a part of amother embodiment of & charge
.tra.nsfer device in accordance with the invention equippsd with
N-channel MOSFET's comprising a feedback loop which produces a
-delay by half the clock period and for which no additional clock

35 signals are required. T!xe output oi’_ the -cell Sad__.‘ is connected

to the gate electrode of the follower tramsistor Tp and the .



of trahmstors [err] are * ' .connegedtoaswtable supply volta
V ¢and so is the drain electrode of transistor [err] whi ch serves for
suppl ying the reference charge to the capacitor C  of the cell S.10-
duQng the tine owapnuttdR thkamilss gndd thergdtei slduitgids dMethppLslabivemn of this

circuit is as f oL 1 OW8 st 20 bt th a{e gﬁ%’%ﬂ%@ﬁ%ﬁet&ﬁ {ﬁr esiled Vol t.ages

of the transistors are | nmre ecifrc rnstant the .cl ock
signal . [err] .goetedtreds aﬁdtrtaneuﬂoecmp $hg reapagiior] C g desanngnged.Theheyat e

el ectrode 15 - Béur‘ééaél%'cﬁi-&&es[@f ﬂ:l-aﬂ%:.'sltoi’é‘qn ixﬁCQ' \eredcotihbhé®oVa @ t he
capacitor which is h| her t t hat _recei ved? gate el ectrode of

transi st or 5f er r | PiRts tpah?nt"ﬂfhe&(’:'a?}?ﬁ’}%'r ef%?hn] T8, the mesistAl v been
charged to a volR mth:.n teedtirodas dinti-dﬁ:.hﬁﬁél aang aket he cl ock '
signal [err] thegie ct ode nS|s err] riven by
a voltage [err] % € Sl%ﬁ'& sucﬁ?l?'ge p ?I\l#lil gn lls Jﬁ? gfnaneousl y
applied to the cem&'rottﬁr aFekzra}lsmoa Tl tlagéumhlserms Ifgnesupplmms[ err] but
will remain hi ghge tBALreh8E 'dhar éltaceaet eaﬁeeleapre[eaf lthg?aéﬁes%ggarded as a

differential stage, transistor [err]
transi st or 1§ er r | WEARE| theeting fbat dhe °1°‘F¥n§-@%]a ’I-‘fé‘rls'ferr]/vm Il .remain
di scharged. Subsmigiepédatioh dﬁtmeﬁmmeﬂs \w8afo1h age NFort fthemkeodat)ck -

I I d I h Th t .
o S0t oo of £ v BigS BN i eaBy 8 oD Bhesectd sed CbmBl e W8 051 Py o
transistor T . Tigmozedi oﬁsﬁmm thatpat a specific :.nstpntsahe clooky ﬁ@%llt of f and
transistor T wigl gﬁ%‘%ﬂ&ﬂ%ﬂh‘ ¥ad G158 '&%?n?.e ? goWE Jh@“ﬁ r@&e

follower for theV across capacito lerr]
m nus the & gnal°%6ﬁﬂ1§119ﬁ?¥(9ﬁ, [’%\Jrfhen S&F%F-‘I?o?'t"&éé'%m eEF‘H"G’-F‘?Fe | ower

plate of the ca oahlanls Waghe! théxe tuaearecaiﬁdebﬁftnsagadecwréw 35.
recei ves the vo% aiseirs%r f/l a trags.l ssg: .[ e&he] capa'l;r%_ Sk d n c%rz)mcr tor ¥
previously been charged to a voltage equal .to vt and on the
leading edge of the clock signal ¢1 the gate electrode of
20 transistor Tp is now driven by a vol?age av*. 'Owing to the -
signal charge packet which is simultaneously appl:r.ed _to the
capacitor C, , said voltage will be lower than 2V’ but will
remain higher than V', Since transistors 'I.' and T may be

q
regarded as a d:.fferent:l.al stage, trans:.stor Tp vnll ‘be turned

source el.ectrodes of transistors [err] are commoned to a point of fixed
potential, for exanple, earth, via the resistor- [err]. The drain el ectrodgs
9

25 on end trans:.stor Tq will _be__ turnec_i off. . Thus, cape.o:.tor (;P :
will remain discharged. Subsequently it is ascertained what
heppens if the. clock signal #, goes low and the clock signal 4,
goes high., The gate electrode of transistor T will now become
positive relative to that of trans:.stor Tp. !I.‘rans:l.stor T will

30 now be cut off and transistor T w:.ll consequently be turned

on, the latter beha.v:.ng as e. follower for the voltage across

capacitor Can, which will again be 2v* minus the signal

contribution V s° Said voltage is applied to the lower plate

of the capacitor Cp, whilst the upper plate of said capacitor

3 receives the voltage V' via transistor '.I.‘2n. Thus, in capacitor



[err] + a charge is stored equal to:. [err] As soon as the clock signal
[err] goes high dgain and the clock signal [err] low, the voltage on the
gate el ectrode of transistor [err] will again become so high that said -
transistor is turned on. As a result of tH4 s, capacitor [err] is now

di scharged, its charge, which has a sign opposite to that of the charge on

capacitor 10 [err being transferred to the | ast-nmenhti oned capacitor.
“hi's instantCgap rig stegedceamadi be:.t he next signal charge packet and
t he residual charge of the preceding signal .charge packet. Thus, the .
~charge of capacitor 4err %corres 15 [err] where [err] is the si gnal
charge packet now sf red gapacitor [err] and [err] I s the residual

charge of the precedi ng S|gnal charge packet. For [err] the ternms with
[err]- wilgl ca I SQ by sele thecrrect ratlofor
20 t he “val ugfslse g’?he %g%gé?‘fko %ST‘Z? mé;‘li%"ﬁr‘ﬂ’@r Re clpok

el i mi nated. Forsignak ﬂ‘zolnmoltw tvolrbageben Ushef gatet elentrodgefatmsimh-e
attenuat or bet weegiiihggsfi!heSond ggt}{] 13 CiaRf ra@ﬂn%&% %r{&n %O][_err]

Thi s can be ac Pevedb arrangin varl able resi’s in the
source circuit at’f‘fﬁi? s"tfof'h{%r PTP%“?% h%ﬁmbwlécbﬁmeén jtenchsrgeri-g. 6.

Sai d variabl e rwhdchthas aSslngdﬁabeﬂzeSQotm d£%hé cHargd ohhédpd Bflf‘orls'[ or der

error is gimnated. . %_gh gz‘lﬁftheci't”éx ed errbodlments are

t wo- phase char Jene1ubE SEESC (R t-Asttionst \capagitorne Aé:cope of

the invention ithisjinstamk tcapadiiter oufoptoinscbns gext rsi@ﬁi]erchw ces. It is

very 35 Vel l5aBRstS ahY SnleOr &l @3%‘% ggeﬁlsea d%%nc es described to
I ve

mul ti phase charge t ransfer deV|ce resen |cable in
CTD s of the cHkafEREecotiisadthe ghange aﬁlqapaszﬁon %ckiebedomegade type CID s.

-V - - - V- -
(v* v, -a€vyc, .- Vg) C,y where V' .C,

is the signal charge packet now stored in capacitor Can 4 and

-nt V_+C,, 4 is the residual charge of the preceding signal
- charge packet. For C / o1 = '2n€ the terms with v, will

cancel each other, so that by ‘selecting the correct ratio for

20 the values of the capacitors Cl; and Gan_1 the 1st-order error
is eliminated. _
For fine control it may be useful to arrange a variable -
attenuator bei_:ween the source electrodes of. transistors T o and |
T . This can be achieved by arranging the variable resistor

q
25 R2 in the source circuit of transistor-l‘q as is shown by a
broken line in Fig. 6. Said variable resistor is adjusted so
that

(C/Copq) « B/Ry +R) =€

so that the 1st-order error is eliminated. Although the
illustrated embodiments are all two-phase charge transfer
devices, this does not :.mply that the scope of the invention is
limited to this category of charge transfer devices. It is very
3% well possible to apply the compensatmn principles described to
multiphase charge transfer devices. The present invention is
] appl:.cable in CID's of the charge-coupled type as well as in

30

bucket-brigade type CTD's.



CLAI N5: 1. A charge transfer device conprising _a plurality of siml ar
sem conductor cells, each cell having an input, an output, a capacitance
for the storage of charge which represents informati_olwliﬁmlmm| H!'Ie
charge transfer "control 5 el ectrode, the inputll® ! |y
each cell being coupled to the output of §& precedi ng cefl ‘and control

nqus bei ng provided for applying clock signals to the control electrodes
of*-¢onsecuti ve ig$: i n accordance with a cyclic pernutation in 10 .order
to control the%r‘ge transfer in the charge transfer device; a detector

coupled to the output of one of the cells for detecting the magnitude of a
signal charge packet on said output and therefromderiving a conpensation

charge packet and 15 a feedback . path for adding said conpensation
charge packet in a conpensating sense to the charge packet which | ags said
charge packet by one clock period. 2. A charge transfer device as

claimed in daiml, wherein said detector conprises a buffer anplifier
having a hi gh- dhni c i nfuchaxae trahaferoHeticeocogrrisingl aapXuraditygfaci tor. 3.

A charge tr ans' gins e o6 AheRbik B Ll G i s b er

amplifier is inverting and its mgut I's connected to'the output of one of
the cells, of AWteRtcA Fanacitanse: fon the torasr of sChagm yhjichPARrelgents f r st

clock 25 Sin®BAhati6h andfl at NRast Rkl Slege Ofrahbfer | Icdhtespaci tor bei ng
connected o t ut of_ the buffe‘rec}frrpl Ifier via the main current path

de.ouiput g
of a first trafsPErsre>tHe Smi PRk r PHtTe B & debnd 2 insi st or  bei ng
arranged in parclle| beiidg t hedplkest dapaciterqutgno t hef otdtes 30 el ectrode

of the first capacddiag ,_Qgilngmpg &g‘?e;\x’%i% _ 2Ot RilePfeognot her one of the

cell's which precedes said one cell, the control electrode is
al so control | agPRL#pst plocki pignats Jeok the gemfroljelectrodes @far ge transfer

device as cl ai gBflsdcati¥eicBiBs in accordance with a cyclic permutation in

10 order to control thejﬁhérge transfer in the charge transfer device; a
detector coupled to the ouﬁput of one of the
cells for detecting the magnitude of a signal
charge packet on said output and therefrom
deriving a compensation charge packet and _
a feedback _ path for adding said compensation charge packet
in a coinpensa_ting sense to the charge packet which lags said
charge packet by one clock period. '
2. A charge trensfer device as claimed in Claim 1, wherein
said detector comprises a buffer amplifier having a high-ohmic

?0 input and a low-ohmic output and a first capacitor.
Se A charge trangfer device as claimed in Claim 2, wherein
the buffer amplifier is inverting and its input is.connected to

the output of one of the cella, of which cell the control .

electrode 1is controllable by a first ' clock

5 .
2 signal, one of the electrodes of the first capacitor being connected

to the output of the buffer amplifier via the main current path of
a first i:ransistor, the main current path of a second transistor

being arranged in parallel with the first capacitor, and the other
electrode of the first capacitor being commnected to the output of

30
another one of the cells which precedes said one cell, of which



wherein the control electrode of the first transis

third,signal derived fromthe first clock signal an trode
of -the second transistor is controlled by a fourth gllmmllmnlllﬂ!!m“ ma
second cl ock signal. 5. A charge transfer devi.ce as clam =N Cl.aim
2, wherein 10 the buffer amplifier islon-inverting and its input is
connected, via the main current path of a third transistor, to the output
of~bne of the cells of the charge transfer device whose cantrol el ectrode

i s control | ed bythe ¢éntspl dleckradeghaalse rontrphlable WhEhe, FAFEy anplifier
further being cofRert&Eakp. the input of said 15 one of the cells via the
main current path of a fourth transjstor, the output of the Quffer
anplifier bei ngtl*Connect (f%f'ﬁg_%ﬁfgmfﬁ‘séefh‘gwé'f’%&sr 8%?5’%%5 ﬁi"ﬂ BSt capaci tor,

t he ot her el ect whekeinf theh@ohtradt elaxibacdd of thm fipstobrectietbrt dsa poi nt of

f1xed potent | al bk PP o UL BT aBleveliSei bib eRABSELGE and 10

the input 20 of "sald one via the main current path of a
si xth transi st osigml and.tha ¢anirofke eleetrotierofidhe mecond drangisiorn C aim 5,

wherein the contgolon@b&LiledOte S burithCeidbanl dicided Foh id EBcddd@BBdck OF are

controllable by a third signal derived tromthe first clock 25 si gnal
and the control 5&88der odes of the fourth and the sixth transistor are

con':]rol | abl e b]}/sa f our th chapge Ptrdﬁéjﬂereabv&g £6 s cBeitned dirC Chaim ﬁi,fgﬂfebf ein/.

A charge trans evlce .as. £l.ai in .Claim?2 ein the buffer

Bl 1 Der 0a nothe (RS sBLERAL T ot Bk DR o 3 Boh e Hdotoay

det ector, the i wpytthefmainecwufentrpathpd? fa thidtetrapsistomc tedtheocowtipatout put

of- one of the cekls.Ofet geethan deyvi C 0 t rode
sg cheCbs Ehe EQALIS: [dhd @I&[gﬁe IahQ?eMg§ﬁ$eagsJe koftr5¢

~is controllable by a first clock signal, : nput o uffer anplifier
further being cGhfekrode is sontrelhed Bycarfizat qlark srnal saherkorubrf &heht h

35 17 transi shfer Saaeiéy Furthdroveily ebbfectod o0thd RBpld b2tsaid

.18 one of the cells via the main current path of a fourth tremsistor,

the output of the buffer amplifier being connected to one of the
electrodes of the first capacitor, the other electrode of the
first capacitor being comnected to a point of fixed potential
yia the main cﬁrrent path of the fifth transistor and to the input
20 of said one of the cells via the main current path of a sixth
transistor, _ '
6o A charge transfer device as claimed in Claim 5, wherein
the control electrodes of the third and the fifth tramnsistor are
controllable by a third. signal derived from the first clock
25 . gsignal and the control electrodes of the fourth and the sixth
transistor are controllable by a fourth signal derived from a
second clock signale.
7e A charge transfer device as claimed in Claim 2, wherein
the buffer amplifier is non-inverting and a second capacitor forms
30 part of said detector, the input of the buffer amplifier being _
connected to the output of one 6._.‘.‘ the cells of the charge transfer
device whose control elecfrode is controllable by a first clock
signal, the input of the buffer amplifier further being connected

via the main current path of a seventh and eighth
. 35 .
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capacd tor and the second capacitor respectively,
first re-apam tor and the second capaci tor being respectj o a
poi-nt *of fixed potentlal via the main current path of 'ﬁ mma
transistor ' respectlvely, and the ot'her el ectrode of

and the second capaci tor being connected % the output of the buffer

.amg,lfrer 8. . .. Achargetransfer devi ce as clalrred |n Claim?7, wherein
t he”control el ectgode of the seﬁ en d t he tent$ tra t.or are . . .
control | abl e by a TPPFLFEaR,FeRecHy” °'tfeﬂ'?/°§5° %S H"srtst cl ock

signal and the coecapeoitet end rthéesedohdté@aei'gm heqndtife&ymthehone ansi st or
are controll abl e C I \/ o] rst cl ock
signal. 15 . gﬁ’ec@r&?e ggd% H{Lr g%%&g&gea\?lggeﬂeaggcﬁfnh %%%Jﬂd aim 2,
wherein said det ckeiog {Qﬁmﬁwé-&'acdnaﬁ?m to peintapfl fixed patanting a

hi gh-ohmi c_i nput  aid tRe lxaMh OiFren® Babhloz bhNEnRHTidl o 2ERIth i RhafRid ! hE
further buPfer anprtfier being non-inverti n&}_and onI t hose i1 nput signal

val ues Whl ch exceERPraciyelys iad the ohbery odg
i'nput of the buffamd mﬁecﬁndarcabadgmrcmﬂgc&aﬁemd ke tHepohtput onanef the
cells of the chargﬁftrans q.ew ce, the input of the further buffer
anplifier being c et et t’t He out put of the said one of the cells, the_
first capaci tor b&d ng ar Aapkmgebttansfer tdewice pst claided Ha Glaipu?, ohetdia
buf T er % Ebitrod Nt defodd /bR Wi ngéééﬁeﬁ i tRd hhfdi 2By the

furt her bquer a I'er belng I nterconnec via a coupling circurt. 10.
A charge transf erarmavp%@oé},a@mbm fipstoswitahdng aicpel nierh*eedo grom the

anplifier and thefmtbfackbyignai amphhé 'c%ﬁtfo’lcblé‘&%&éeg%fatﬂer afi@itat or
arranged as- a follower. rﬁe transfer device as

clained in any orfpdfhe H’é-n@ aﬁrﬁ‘ﬁs’éﬁtBF atd °96Hi§'|° 3plenky (%H‘E)‘Fqnﬁgs‘ﬁ'rtr"%‘?ﬁ is a

2de 1 the fipgt {PRAISF ed. t he

resistive attenuaéiyhallnﬂenved frém cihar Pirdtr lsckesighavice as claimed in daim

o ggleree'r o Legst one 0f, Lhe {85300 Rv0le b%rialR 'RIcElhCY! nbfedd 35
S - said detector comprlses a further buffer. ampllfler having a .
hlgh-ohmzc input and a IOWhohmzc output, the buffer amplifier
and the further buffer ampl;fler belng non-inverting and only
those input sxgnal values’ whs.ch exceed a specific threshold wvalue
20 o are transferred, the :anut of the buffer amplifier being connected
| to the input of one of the cells of the charge transfer device, the
. .it_xput .of_the_'f\.x_rther buffer amplif{er being connected
. to the output of. the said one of the cells, the first capacitor
being arranged between the input and the output of the buffer
%8 amplifier and the outputs of the buffer amplifier and the further
: _buffer ampl:.f:.er bemg interconnected v:.a a coupling circuit.
10, ' A charge transfer device as claimed in Claim 9, wherein
the buffer amplifier and the further buffer amplifier each
comprise a transistor arranged as a follower,
30 1. A charge transfer device as claimed in any one of the
| Claims 9 or 10, wherein the coupling'circuit is a resistive
- .. attenuator. . ' '
M2 A charge transfer dev1ce as claimed in Claim 11, wherein
-at least one of the resistors of the coupling circuit is a

_?s" ~ variable resistor.



13. ¢« A charge'transfer device as clainmed in any one of the CCarms—9to .
12, wher-ein the coupling circuit is also connected to, 14.
A charge transfer device as clai-ned in any one of the m’mmﬂimmmgﬁl“
wher ei n each of the cells conprises at |east one chargé-tfansfer s
transistor, the main-current path of each ¥ said transistors being

ar (gnged bet ween the input and the output of the cell whose associ ated
contfol electrode conprises the control electrode of the respective 1Q
transi stor. 15. 13« A chér ghargeatrsheferidevice esrmiminet dd aaydone rofnged to
operate substant i ey ci%iaes A8 Uhibréles thé Reflpttrle\ LRt A Grbp and as

shown in Figure 7an oné o ures 2a to e acconpanyi ng
drawi ngs. 15 20 25°mpegtpd to a 51@3- output.

14. A charge transfer device as claimed in any one of

5 the preceding élgims, wherein each of the cells comprises
at least one charge-transfer transistor, the main-current
path of each of said transistors being arranged between the
input and the output of the cell whose associated control
électrode comprises the control electrode of the respective

10 transistor.
15. A charge transfer device constructed and arranged
to operate substantially as hereinbefore described with
reference to and as shown in ?igure_7ahd.any one of Figures
2a to 6 of the accompanying drawings. '
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