2202399 -1- Sanpled'Data Circuit Introduction 5 This inven@ ) 2359
relates'to sanpled data circuits. Sanpled data circuits are wdely used in,
jntér alia, analogue filters. Many.nodern el ectronic systens use sanpl ed
dat a amal ogue filters since these are preciseLand suitable for fabrication

in integrated circuit (10 form 10 One di sadvantage they exhibit is

radiation at a multiple of the clock frequenc This tends to be produced
because the switches used to contrﬂﬁ%&%&ﬁé’lﬁﬁust all be _

si mul t aneously open during the transitions of the clock. The currents
controlling the switches nust thus all- S Wb orf’ high, twice per clock
period. The supply current of the systeét uently carry an

i mportant conponent .in the form of pul ses at tWI ce the clock frequency. It
is the obj ecs of this THIErvitht s $eliddes rw%ﬁlm& m@@%if&ﬁs. |

component . %ate eﬁ;&ff th%ﬁﬁpvqptlon égyﬁgfordan the I hvention a
sanpl ed data ci Uiy Y data 25

fstages Iea_ch c;)n]ana&metsvﬂﬁltﬁam nﬂmrqamﬂeumre&p:tm syﬁteﬂmaksemleansf
or applying to i

respectively fi rs%?l s‘,%coann%ﬂ%‘adés ‘Clekrsnyai% H ﬁ/ etﬁg\/\rg%sﬁesf%és) dlgé;%c%?\
level s is char a@ﬂlé-r’ﬁa@é@ ifen tﬁbnmfdlmkimlwgﬁ% Glreuit 3OIC)c hfexm.
level internadi g m%afdvrai{ta”#&j Si%ﬁldﬁ&?%'@%ultlple of

Besori ption of the LA %%22%?“6‘“ 5 59 i (Proruged hecruse, the
the invention wiswWituheshaskesdo kexhtrnl he afatex dogdres fert \must t41X dber ence
ggttahgl fgﬁ?{'pa“%'l%l@a%d?&iy dbel it 1l HE trariiis A lofTehdetEeR! ed
' The currents controlling the switches ‘must thus all be low,
" 15 or high, twice per clock periocd. The supply current of the
' systen 'may consequently carry an important component in the

form of pulses at twice the clock frequency.
It is the object of this invention to sens::.bly reduce

this undeslrable component.

20 |
- ' statement of the Invention

In accordance with the invention a sampled data
'circuit'havingz two or more'serially.connected sampled data
_ 25 stages each comprising switching means end'storage means;
\ " and clock means for applying to the switching means of
" consecutive stages ¢lock signals of respectlvely first and
second phases alternating between first and second levels
is characterised in that the clock signals'also have a
30 ‘third level intermediate the first and second levels which
is occupied simultaneously by the first and second phase
clock signals. '

Brief Description of the Drawings
a5 o . T
One sampled data circuit in accordance with the
‘invention will now be described, by way of example only,
with reference to the accompanying drawings, in which:
. Figure 1 shows part of the sampled data circuit:



-2- Figure 2 shows cl ock waveforns generated’in the circui't of Figure 1;:
and Figure 3 shows in greater detail the circuit of the clock generator .of
Figure 1. 5 Description of Specific Enbodigept of The Invention Referring
now to Figure 1 a sanpled data cjrcuit has a nunber of sanpled data st ages
2 (only two of which are 10 shown) under the control of a clock generabew

4. Each sanpl ed dan'ﬁg@fags S100PE | SEScR WapeEaEms\gbabBrated!t @haggecapaci t or
10 and buffeaifygﬂ %% $Mﬁ an assenbl age may constitute the basic -
bui | di ng bl ocC %p %PE al B ocessing circuit. The assenbl age al so
contains a current Eigunor%esnnwaoﬁnegredtentdetail pbei civeudtppify thene 16

and the base Ofod JPietiedsi 8E0Fiddresiaid base being al so connected to the
anode of gESchottky di ode 20 and the co?rector of a‘driver transistor 22.

The cat ho of the Schottky diode 20 is connected to the collector of the

20 transistor 18,Déderi sbprspecieieorhbodiment§ OFNThe Theepwionh 6,

the state of which is controlled by the magnitude of the ‘collector current
of the driver transistor 22, which is.in.turn controlled-by a clock signal
applied to the baséRaferrim@rnowrtOrEhgu:eol a’sampiethdathocirguwidr hasr 4.

As 25 Wil bey Thtihier %agafédbaaeav Q{:QQEssbgﬁahigotwé' g%r %E%hp%%es are

applied to alternate sa data st ages

transferr&® §§Eﬁﬁ%|Qﬂ¢?rf$%m1%?%E€°%o°§tﬁgﬁlpﬁkkﬁeﬁﬁrﬁﬁﬁﬁeﬁ \Mﬁ#ﬂ%he
clock signal sunpied dsta 5 edoﬂpfﬁsahaaeb%ouarl QWitbhaB§l gtorade i s

rendered non-conductin rrent ent sour 4 flows.
via the Scan§RP Eﬁ@ % ?gﬁng?ﬁPi¥g9F5 gﬁput eﬁﬁ& a9fage,
whi ch nust bena;esoo;rmﬁ.twtebtbebbaaid build:hng bll.ockhof aosamplled slignal \
CO”b'”at'On‘HrdééﬁEiﬁ&qéirgufﬂd The assemblage also contains a current

15 source 14 connected between a positive supply line 16 and
the base of an npn transistor 18, said base being also
connected to the anode of a Schottky diode .20 and the
collector of a driver transistor 22.  The cathode of the
Schottky diode 20 is connected to the collector of the

20 transistor 18, the transistor-diode combination forming the
switch 6, the. state of which is controlled by the magnitude '
of the collector current ‘of the driver transistor 22, which

is in turn controlled by a clock signal applied to the base
of the driver transiltor 22 from the clock generator 4.  As

25 will be further explained below clock signals of alternate =
phases are -applied to alternate sampled data stages 2 so \‘;'

that sampled data is transferred sequentially from stage to
stage in known manner. _ :
When the clock signal applied to a sampled data stage

30 is low, transistor 22 is rendered non-conducting and the

| current supplied by current source 14 flows via the
Schottky diode 20 and transistor 18 to input_node 26 of the
stage, which must be designed to absorb_said current. In
this condition the combination of transistor 18 and

35 Schottky diode 20 presents a 1oﬁ'impedance allowing the
storage capacitor 10 to be charged to a voltage
representative of the signal voltage applied at node 26.




35 Schottky di ode 20 presents a | ow:inpedance allow ng the storage
«gapaci.tor 10 to be charged to a voltage representative of the signa

vol tage applied at node.26. - 3 - Wien the clock signal is high
transi stor 22 is caused to absorb a current= Id gher than that supplied by
the costent source 14, the excess current in this. enbodi nent bei ng drawn

fromthé circuit 4 pro-rdin- th clocK Si Transi stor: 18 is fendered
non- conducting and t hé*\ﬁﬁ aga?};&ﬁ:l&h HFaHatRr A2 45 saysed

representative do Iaﬂnscmhgmlcum&éragexi@tdn athat thite’ slﬁ:ﬂ:.é&lebysr&xé)f t he

canpl el dat a st SHFTEHE doutind (3. S e casd Hldihe Qf WS exiidthant
connect ed to t h®eimsdnasae fyom H?élef s inenity %tmncﬁmqrdrhe otk mignal.

nurber of su@ wawgits%&roqrseqtse%ﬁaewa %@I@oﬂ&?&i \Eéﬁfé?'ng
arrangenent, gF a f||ter t €, even st ages, bein control ed ock-

C
signal” of a fir s 2 I% ‘Eﬁjgrféﬁp’fﬁs%!’ bYR of
‘phase. It will theclsaaynauhaxoztﬁmge\eqopmauensméwe% ety ﬂréye:’ma epnehet i ng

e the o sLate e e PR G4 e AT i HAEo e
stages i nstead d@oliswingsanpjatdatkaiatade wimtthe hﬂff@e aﬂ‘mbkflqhelé,
must t her ef qige %&%ﬂﬁﬁ&sc’%ﬁ)%ﬂ_&ﬁ% WetrtedtadStd | € LiNBut RS bE the

switches are open river transistors 22 are conducting an
absor bi ng - curreffied (ﬁi?%ﬁ those 25 supplied by the current sources

14. Qutside these perlmiinéﬁﬁﬁbnﬁd abwie, (4 anmisdwrof Buch ecteadiesi ng.
e total SUPR! Lobulacilla M lndltisy S SRR 3 | A Y glA ARG
elimnate thi s eregigenent neargd @& fidiiear,s the even stages being
.15 controlled by a clock signal of a first phase and the odd
stages by a clock signal of a second phase. It will be
" clear that the even stage switches may only be conducting
~ while the odd stage switched are non-conducting,'and vice
verss, since otherwise a Signai would be propagated
- 20_ immediately through all the stages instead of being
| ' ﬁropagated under the control of the clock. There must
therefore be periodS”arouhd'each clock transition time when
‘both switches are open, that is all driver transistors 22
are conducting and absorbing currents in excess of those
: 25 supplied by the current sources 1l4. _ |
R . | : .Outside these perlods only alternate transistors 22
- are conducting.' The total supply current will thus be
' substantially higher during the periods around the clock
‘transition times than otherwise.
30 . To eliminate this effect the invention employs
three-level clock signals as shown in Figure 2. The
'intermediate level, occupied simultaneously by both phases
of the clock, suffices to open the switches.' The high
level is such that the total current flow occasioned is the
'35 game as that occasioned when the phases are at the | _
" intermediate léevel. The pulses of high current which would
'flow at the clock transition times with conventional
two-level clock signals are thus eliminated. '



t hr ee-1| evel

clock signals as shown in Figure 2. The internediate |evel;

occupi ed simul taneously by both phases of the clock, suffices to open the

swi tches. Th
the 35 sane

e high level is such that the jotal current flow occasioned is’

as that occasi oned when the phases are at the internedi ate

level. The pulses of high current which would flow at the clock transis%% on
onvent Im@érﬁmg | gl €6 Pféfufe g9l €nar eleHSgeheﬂfaﬁaked -4-

times with c
Referring now
.cl ock mavefo
whi ch are ap
[err] of the g}

npn bi pol ar tran5|

th | t
iRafie ok d<ieka Eftio ISIGFR Sevgtornp of Ehe ForR) Shoyt
|dln dtﬁ.g.urmlk hasringpwesoCt) oCk, i bpuwkich are appItiedi spmp3eC ,

i%fgﬁﬁ- anected respectively to the bases of
ors ese transi stors each have their '

col | ect or & connect @% d-%P%‘iﬁ)p‘F%u | $heoBgthadclaekr generaspr 4oarnect ed vi a

respective refdrﬁié&se@rwb@b@deﬁv&g € €né ﬁQseBI of kbn bepeiawnd. The ..
emtters of the tra

si st (e also co oct ed T osnect vi a
resistors R2, CHH rk Qtfs %} théT ??ﬁu#?aﬁﬁ grs]eacg 385t¥§8é§ of the
di odes D, Dcokmectnrsmnnmnbcts@eto|aesuppbythéneasasand thedyi edttets,

Ficedl V1F 48058108 Srdftatire Ena Gl R pa

T2'. The coI
respectlvely
connect ed@ o
wll be read
then C2 is hi

Ry 'ourRL’ d;mewmdof The emitkeyenefatbe sravsistorsrTiure 3
ihaye % £l 6 eSonnééted Ofe eaaieelflvia PeghstBgs| mr] R20W,

h | h d C
are reduced { téﬁ?g Eﬁr%%dggfec+%ﬁﬁigo§gth Cro cﬁﬁﬁpghgsvpg Rhe Dgn T2,

R2' and [err]dic{des]Dl

serves to gengl
Al t hough ]} he
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S &G Inglovp, PuUr ARl £81100E0LVOECKRR QUbRNYstBEs T2,

arrange ebcribed a ove requ
T2' are connected respectively to the outputs c2, C2 and

the emitters of the transistors are connected to ground.

0peration of the clock generator circuit of Figure 3
will be readily appreciated._ If, for example, Cl is high
and 01 low, then c2 is high and cz 1ow. While both Cl and
Cl are high, c2 and cz are reduced to the intermediate
level by the cross coupling via Rl, D1, T2, R2' and Ry',
Dy', Tz ' Rz. It will be understood that thls _ _
cross-coupling also serves to generate a pull down current
for the low level output..

Although the arrangement described above requires
almost twice the current that,would be needed to operate
the switches when using simple two-level clock signals, it
will be appreciated.that.in a more.practical circuit the
excess of current drawn by transistor 22 over that supplied
by current source 14 can be routed to serve as a bias '

~current for the buffer_anplifierzlz. In this way the

35

current'overhead can be'reduced to approximately 40%.

It will also be appreciated that although the sampled
data circuit above has been described as operating with a
two-phase clock, the invention is not limited to use with a
two-phase clock. but is also applicable to sampled data
systems utilising clocks having three or more phases.
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?|HDSI twi.ce the current that would be needed to operate the sw tches when

using.stnple two-level clock signals, it will be apprecrated—that—rn—a—nDre
Practical circuit the excess of current dramm by tra -
suppl i ed 30 by current source 14 can be roUted-to ser IH Iﬁ“ﬂﬂ ent
for thg buffer anplifier 12. In this way the current v&r ncasl be

0
reduced to approxi mately, 40% It wll alsoagelagpreC|ated that al t hough t he

~ sanpl ed data circuit above has been descri perating with a 35
t wo- phase clock, theinvention-is not limted to use with a two-phase cl ock

but is also appi] cablfz éemgﬁaalsdtgaaﬁrmeeasv%hgwggofl f6ks E@ié%gﬂl

- three or nore phas circurt aV|
two or nore ser?%ﬁ??ctﬁﬁn%%?@ﬁegaﬂ%Fédsﬁégass?ﬁﬁ%sceﬁﬁﬁlﬁéﬁﬁrFyFﬁshlng
switching 5 aeamsanadandosagragaaneansmdaﬁaoekodnaméaﬁerfaﬁphypmglhg tbe

and second phadthe STLEEALhY EedbEOGE FpREFcTlive.BsRGepctlpEl Bighals’?
characterized irespectively firsth%ndlseﬂosﬂgphasealebthaneténghbeuwbenel

i ntermedi ate theyfd¢ sihdnsledSRQNTev€¥€! s Which is occupied sinultaneously
by the first and second phase glock S|g£als 2. A sanpled data circuit

according to claim1 artertzed i  BRRteans includes a cl ock gener at or
conprising:i@ first temescrook sSbynhalsoalssthavechethiedeléoelreceiving a

firet potent! o inerab&iacd HhECELFRE RRD, Foftnactevalt, §RI0R 18 Bgtiiple
node; 20 ' similtanechsly kyuphedfbesteand: secondoplaser cénckebdgnrdde

of the first transistor and a datum node for receiving a second potential;

a \second tr.ansistor haV| g a control elec{rode for
_ 2. pled data circuit according to claim 1 wherein

15 the clock means includes a clock generator comprising:
a first transistor haviﬁg-a control electrode for
' receiving a first clock input signal, a first current
electrode for connection to a first potential and a second
current electrode coupled to a first output node;

20 a first diode coupled between the second current
electrode of the first transistor and a datum node for
receiving a second potentiai; |

a second transistor having a control electrode for
receiving a second clock input signal of opposite polarity

25 to the first clock input signal, a first current electrode
for connection to a source of supply potential and a second
current electrode coupled to a second output node;

a second diode coupled between the second current
electrode of the second transistor and the datum node:;

30 a third transistor having a control electrode
connected to the'first diode”at its electrode remote from
the datum node, a first current electrode connected to the
second output node and an second current electrode

connected to the datum node; and
- 35



receiving a second clock input signal of opposi tem first

node; a second di ode coupl ed bet ween the s&ond curterk ale f th
secong transi stor and the datum node; 30 athird transistor haviwy a
control

el ectrode cQNBgGLes o abs dhidhS haliOle dlediird) Soldadsdgote rom

the datum node, a first current electrode cornect he second out put

node and an sEEBRECERAr &/ thecgacond ddmde Al its lectaadn mrrotkras

- 6 - d_adf ogrth?h_r aath?t abdbgvangfi&sto][&iﬂeatrﬁd gg.tétdﬁi%@é;r&&ﬁﬁé&:é?ﬁ@%het
secon i ode its electro re e fromthe datum nqde,, a first currept
el'ect rode congéEF%dq%pf‘%e“ﬁ%&ta%taplﬁe 0 %ed‘msé%tﬁi#’aé? FRNNETREY ode
connect ed 5 ttot theddadumnmbde.3. A sanpled data circuit according to

‘claim2 wherein the transistors are bipolar transistors, the first current
el ectrodes are collectors and the second current electrodes 10 are

emitters. 4. 3+ An AnSaBPiedd datac firauh Aqgoriing & elrimtd wherein
according to gREk Rirasedistdr@ Ar@ bipolar trah<SiHEdas, die £iFStidurrent

substant al | g3 Ber g abghor ¢ olSaeibar Jd hl TS SIS L0106 ST mpanLLe

drawi ngs. 20
10 are emitters. o

4. An integrated circuit containing a sampled' data
circuit according to any preceding claim. u

15 5. A sampled data circuit substantially as hereinbefore
described with reference to the accompanying drawings. '
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clock input signal, a first current electrode foroﬂ i ourte.of
supply potential and a second current el ectrode c ”C'mu out put =’
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