-1~ SW.TCHED COVPARATOR ClI RCUI TS The rel atively recent devel opnekt\ o5 CMS <
swi t ched- capaci tor technol ogy provides a way to incor- porate on a single
igtegrated circuit a high density of switching, resistive, capaci e and-
linear anplifier 5 el enents having a very |ow power consunptioAEEy" o
Mor eover, the devel opment of techniques for fabricating capacitive and

resistive elenents to precise val ues Esuch as, for exanple, by fabricating
preci sion MOS capacitive e Stwo MOS capacitors
10 deljnes the val ue gfhd he1gltarRly) rdenteldddiRbdiy davaimomrent of
circuits conprisin conponents haV|n% excel l ent tenperature and voltage

stability coeffd ed-caRAQItoLs Y RS Sthid FaayF e eIt at el y
and precisely gpacitd eth aSuchglec imlepma thas daauils parigic deardityappl i ed

in nonolithic sj filterin Ilcatlo

TECHNOLOG CAL sﬁ@% '1%\6% %M&l%’%ﬁp ﬁ’%ﬂlﬁ er
SYSTEMS (Pﬁoce@dJemgasni‘m‘ htahve rigE e, vevm 1oMl paver onmupRtiaes3)Morxpver,
In switching cqipa gb%ﬁéxﬂ:'“%f Sée%mdmgyesa%msft d[ﬂ{g% écf»,eﬁﬁ@d

only when the operatlon ifier 1s operatin ﬁose

operating in o [resdskike aﬁ%ﬂ'nemfér 44 IRrefise arplues o(s%qqn A% afFRF‘
therefore its kangwid h viegtvidle 8 e PridCilfibn 03 red fiee 14 BEeNt

specification there |s d scrlbe sw.tchin ciycuit with an
oper ational anmfieetsull %}ﬁé'r?é%ﬂ%c?fgﬂ%%sﬁ%%&qgf only during
the tinme whiGch detfmfesnpﬂfeatvarlgze pftiveeclaomt ) Has i permpered dops
conpensation i es\)@loﬁ:r?rteeqxt?’oofo 1 f té’ge c& %glne%t}%rﬁ%:e resulf% the

opéfétlonal anplifie 0 operate St e I'SSa highly
accur at e conpamammlhﬁn$t&ﬁmnﬂratuneﬁﬁnﬁiqu#&gerﬁf%ﬂﬁi&ﬁ!ﬁcQ¢ﬁf¥ﬁkﬁQﬁ$onal

ampl i fier. Therg 'v?e]fl“rééqeéon?foﬁfe’dtp%l%ﬁv%ddﬁ“xﬁﬁﬁ B 4kSd ik e ppNTPAr at or
the limter being responsive to an input signal t'h varyi ng anplitude for

i and precisely specifie Such technology has been
produci ng

15 particularly applied in monolithic signal filtering
applications. See, E;g;'Allstot et al, TECHNOLOGICAL
DESIGN FOR MONOLITHIC MOS SWITCHED-CAPACITOR FILTERING
SYSTEMS (Proceedings of the IEEE, Vol. 71, No. 8,
August 1983). _

20 In switching comparator designs, stability

against oséillation is needed only when the operational
amplifier is operating closed loop. When operating
in open loop, the amplifier will not tend to oscillate
and therefore its bandwidth need not be restricted.
25 1In the present specification there is described a
'~ switching comparator'circuit with an operational
amplifier which is compensated against oscillation
only during the time which it is operating in closed
loop. During open loop, compensation is switched
30 out of the circuit, thereby pérmitting the operational
amplifier to operate at maxiﬁum'speed. The result
is a highly accurate comparator due to the increased
operating speed of the operational amplifier. |
There is further described a CMOS limiter
35 using a comparator, the limiter being responsive to
an input signal with varying amplitude for producing



-2- an output signal which changes between at |least a first and a second

| evel . The transition in the output signal occurs when the absolute val ue
of the g%plltude of the input signal exceeds a predetermned 5 reference ,
| evel . cause of the advantages provided by swi tched capacitor CMOS '

techni ques, the fixed reference | evel may be set very precisely. Only a
single linear operational anplificati2en stage (the conparator) is 10 used,

Vol tage of FeSbbRbt: Tahans it et BEREE R o b8 & s cduced;
substanti al Fgrst &ndahl gecond detvieds I|ﬂm@emn@msmhnonnnntnhéabrlcated on a
oI ole OMO%LEbed 81gHald dEburd el Rind B4 ARC YA IO gl AW Nos. by

‘way of exanple a schematic prior art

swi t chi ng céﬁﬁéi‘aﬂéﬁ eifr &det 1nmt signal relxggﬁésza predayranmined di agram of
a SMAtCBIngr@@gpgﬁeEOQeQbQCUIt for use in a'limter enbodying the present

i nvention; FIGURE 3 is a detail ed schemati c di agram of the prlor art

operatlonal anpl i f PEFAYREWRT; the) @dnentagss. Hdade PYagrifahesscii | ation;

FI GURE 4 i scapdetigbretMOshemehind qlieagr ameoified erdrerismealleavgl i fier shown
in Fl GURE 2

a digital | gaﬂ: Sngﬁ f[v%r‘%r i’%g% tl 3 gbacoﬂ’]}alaatsgng&%oélha&e%r g?\i’ilr CUH GlLJJSR:Eng
is a schenabperdtagnaﬁlampaﬂﬂumamepnemﬁocpldghmh@qmpanauon}nmsn|on; 35
10 used, so that the limiter has very low power |
consumption; The input offset voltage of the
compapator is nulled out, so that output error is
reduced'substantially. Finally, the entire limlter
ecircuit may be fabricated on a s1ngle CMOS 1ntegrated
15 circuit chip. _
In the accompanying drawings, by way of'example
only:- ' - ”
' FIGURE 1 is a schematic diagram of a prior art
sw1tching comparator 01rcu1t,
20 FIGURE 2 is a schematic diagram of a switching
~comparator: circuit for use in a limiter embodying
the present 1nvention,
_ FIGURE 3 is a detailed schematic dlagram of
the prior art operational ampllfier shown in FIGURE 1 ;J
25 compensated against oscillation;
"FIGURE 4 is a detailed schematic dlagram of the
operational amplifier shown in FIGURE 2,
FIGURE 5 is a schematic dlagram of a comparator
c1rcu1t u31ng a digital logic array to process the
30 comparator output signal;
" FIGURE 6 is a schematic diagram of a limiter
_embodylng the present 1nvention,

35



¥ : : :
-3-*FIGURES 7(a)-7(b) are graphical illustrations of the input and the
output voltages of the [imter shown in FIGURE 6;. and FIGURE 8 is a timng
diagram showi ng the rel ationship between various signals prod d by the
limter shown in FIGURE 6. The conparator in the present exan@ of the
I nvention provides high accuracy and fast response tine in a CMOS
conpar ator while keeping the nunber of £onponents to a m ni mum and not
requiring the conponent structure to be critically well balanced. Oten,
t he wakjous schePRS¥RESddal0 (decrreasrepbicaduitlustratioperdE abmiinset one

anot her. For J,BSHanN6eput OFHGREAN o®f el 1 Of: ¢k PIMIPHCRd rRdRRG Ohhget vol tage
typically may only be ohtained at the expense of increased response tine,

and decrease in FEUBBrsd=ta Hmingy dtgprR oy ingithe e labioashiR) PatveeRe expense
of increased variéus dishal® g2caaédas 6y -eneOLiniBet Fn6es il FddRels.i s a schematic
di agram of a well-known switching conparator design (such as that disclosed
by Myakawa et al, U S. Patent No. 4,068,138). Operational anplifier 10
conpares the voltage applied to its "-" termnal 12 with ground potential,
and produces a positive output voltage [err] when the applied voltage is
greater than 0. Two voltages to be conpared to one another [err] are sunmed
t oget her at sumfiimg compteral6or hiaf titee presery agpgipledoft dhe pigwaht iwhaprauiges fHigh

10.  Vref is a’éEQHc‘y?daﬁé) fﬁs@qgéﬁéﬁsgrtim gira BebAcbhglRat& Lhi @ a reference
switch 16 (which may CMOS transm ssion gate or an NMOS switch).

Capaci t or 14 X$EBinSs ‘Pﬁé‘“@%‘f%@fcﬁm[?%ﬁ'er"ﬂts tPAr P mur SR8 SRRFUESRY iF H%r val

[erg] i S apyei &shpbRertapeficktate k4 Nd&rﬁﬂclan]m'fweswﬂaclilncba [err] is

d with the {ore%thef at _a summn Jede, ecé esun}beinﬁ applied to
i nput 12 of oper 8nai calffi PP SRS UFeerrf ar e ?1 88 rappthg cl ock
signal s. As ivwrweidaikstowne amopherct | Bl mmnaei eradctdanplaff peyorwi | | not
produce a zery é%ﬁu‘&\éh Pbt A 001681 L g3 Kna} G‘Jni}%' Sbdlakga Lae same

vol tage applied to t The 1 nput o fse an operati onal
arrp| i fi er i S lthﬁeemnﬁﬁmjt 1%9135% zggponse tme, an decrease in response

time may typically only be obtained at the expense of increased
error due to DC offset. For instance,-FIGURE 1 is a schematic
diagiam of a well-known switching comparator design (such as that
disclosed by Miyakawa et al, U.S. Patent No. 4,068,138).
Operational amplifier 10 compares the voltage applied to its "-"
terminal 12 with ground potential, and produces a positive output
voltage V

out
voltages to be compared to one another (Vin and v:ef) are

when the applied voltage is greater than 0. Two

'%ﬁf summed together at summing node 20 before being applied to
operational amplifier 10. V_ . is applied to a capacitor 14
during a time‘ﬂz via a reference switch 16 (which may be a CMOS
transmission gate or an NMOS switch). Capacitor 14 stores the

value of V During a subsequent interval 9&. v, is

ref’
applied to capacitor 14 via an input switch 18. . vin is summed
. with the stored V at a summing node 20, the sum being

ref
applied to input 12 of operational amplifier 10. 91 and ”2

are non-overlapping clock signals.

As is well known, a practical operational amplifier will nbt
produce a zero output voltage when its two input terminals have
the same voltage applied to them. The input offset voltage
(vbs) of an operational amplifier is the DC input voltage



-4- required to provide zero voltage at the output of the operational
anplifier when the input bias.current is also zero. The circuit shown in

FI GURE ] reduces or elininates the effect of DC offset voltage by sanpling
the in of fset voltage at the same tinme that Vref is sanpled. A third
swi tch I s connected between the output and the input termnal 12 of the

operational anplifier 10, and is tursi@d-on during tine period [err] (i.e
the sane time that [err] is connected via switch 16 to capacitor 14). Wen

the output reduicRer & ippBalccadPld fotagkOat SHEOBNEREESE RYe WPk S A2:10 i TS)
I nput, the anglfler w |l assune an egw | i brium position (typlcarly with

[err] assufFRGEERE WHNUEPSAPPHe PARY-SSappty 130’?]1?9) zeqqputPeofizatitvol tage is
by defi nit isbowrd hatthtag&eumd]oeaamasnmerate @BHdctaBplbd befset0 to assune

thlsewll tch t he. input offset
vol tagg [e?Hagren é% g%lg' she ln‘(é ?efl(‘fc’in Fige 3lbp%‘§rs?ﬂe gh ‘hlto termnal 12
of the opethat o xﬂrshmﬂeér- mmm) svht-;:ieﬁﬂem corﬁnegm@ddeegeéhﬁ and 22, the
vol tage V @QP%FG'Q ﬁsraﬁxﬁa&a%&ﬂnaﬁ%&'age Lg&&ee&spg £l 1S given

by [err] During [err]| operational anplifier % erate n an open | oop
nmode and caPadn@ois M’-’P%ﬂ CHnHFAPEt iMs PeiCE Ry o ise t“bﬁ sage TiRe may wite a

vol tage equmit 6N rwadnﬁd&eamra SwiitcAo1 d @6l dapadstdreid]. (whege V is the

| t t t I f t I |i f 10). Th
bl oe e fabPye | Pyt il el RS E R oA R bt i Hhpar | on

("trip") peenitsoinmer te @nplifiepl willcasslPe arSiegecilivrigmeipppitiea out put of

oper at i onal % {y efiedQ chapges g the-valdtée end/Siliddsd circuit shown in’
PIGURE 1. (RPSprLy wiery ing the valu€ ol thehids Ay s
poxnt). Input offset voltage is by definition that voltage which

causes operational amplifier 10 to assume this equilibrium
state. Thus, when switch 22 is closed, the input offset voltage .
V__ of operational amplifier 10 will appear at input terminal

os
12 of the operational amplifier.

' Due to the effect of switches 16 and 22, the voltage VE

appearing across capacitor 14 during time period‘ﬂ; is given by

Yd ‘”2’ = Vref - Vos _ (1)
During ﬂi, operational amplifier 10'13 operated in an open ' e
loop mode and capacitor 14 is connected to Vin via switch '18.

One may write a voltage equation around the loop during ﬂ& as

-vin + vref “ Vet V*'s 0 (2)
(whete‘V; is the voltage across the input terminals of
operational amplifier 10). This implies that

Y% ® Vin 7 Vres * Vos ' B

If vin = Vref' then v; = vbs' This corresponds to the

comparison ("trip") point of operational amplifier 10. Since
v, = V__s the output of operational amplifier 10 changes



oper:ational anplifier input offset voltage is cancelled out and the
conparator is accurate to within mllivolts of [err] A problem ulting
fremthe use of the schene shown in FIGURE 1 is that since the Uperatignal
anplifier is in closed loop during [err] it must be internall y corrpensaf‘ed
to stabilize it against oscillation. FIGURE 3 shows a schematic di agran of
such an internally conpensated operatiomabP anplifier 10 suitable for use in
the circuit shown in FIGJURE 1. Acircuit simlar to the one shown in FlI GURE
3 i s dikscl osedsbyte,. Slszl?stem cllocuit, 88kn05T RIGURAGUetis sSimt AU(}met 18,
1981). One ski Is I r | JaCY own in
FI GURE 3 as ha\%ﬁga{ég ? e?{a%]ftﬁé% i"é’ﬁg | |sg$ V%:i?%{y g? a%g%gﬁﬁera BH
push-pul | out pﬁbemgeratpﬁelﬁaﬁeuwzeo\ﬁo mEhiy mikliveats WGYEéfﬁg | nput of
operational anplifg gioﬂlcam wddieitd @ ronithe ldse0bs RBE 26hdme &fRmNoN-i nverting
| nput of the ogeratl onal na: Ifier. PETs 24 and rise a_di fferent| al

cor
pair and are eACfURr ditidAhistiAcathgcPRaFatiuRY T’?ﬂ%’fglgp"én’d’ §épsed
respectively). 1éopmmem; puitc mugd-bé Hiterfallyl c@tpeasauedr entsthbitizea FET 34.

[err] is mrror PET _36, Whi.ch s e rrent tial pair
(PETs 24 and 2é§ “\%“t tol?ell\‘/loﬁttlgré'e ggp lilEeg T6" sc;’ matt 5&5%%34 S
equal to the vehk¢age bpfsirnelit gompengated epe!RETom anwefem' ridnsuitabié owi ng

through FET 24,5 2Qual ¢he éﬂ%uwrsrheoﬂ in bFfddw N9 hheQlghe RERi 2G cSovever,
if the voltage applied to th egateo PET 24 different fromthe voltage

appl i ed to thethat@eoshaeTindIGPRE 2 ig WFPsﬁStb%d’uﬁt Ragent N9+t he vol t age
proc{rfyed at thae, wnrse\ztﬁoona@et wemeaha;gdealn 01981th vamel el 1e®8HR) B8O and
|

d f PET 26 will ch tes of FET
S5 and 40, i, SR COThrT e L sESrade SRLE R BB i R BES T

out put Vout of h@pmgaalmbrmq;hlfan@ﬂlﬂ_ﬁri €igmtositagedfeklowkd byoanect i on

bet ween the dr he drain of PET 40. A common way to
stabilize the | rc Llfiﬁtggt %QQ%L[ ‘GURE 3 against oscillation is to use a

conpensation techrfibgueatealf f FEBIZ §pIthet INVGTtinghinprtc PEARes2RiPnal

appr oxi mat € si ggbRtRet Aol M PRiRNEYe GREPQADSEE TFe PPREAHNORGA-iAPHdihger 10.

One term nal Oinput of the operatzonal amplifier. FETs 24 and 26 comprise a
differential pair and are each provided with an active load (FETs
28 and 30, respectively). A current source (FET 32) supplies a
current I1 to a FET 34. I1 is mirrored by FET 36 which
supplies currént to the differential pair (FETs 24 and 26). When
the voltage applied to the gate 12 of FET 24 is egual to the
voltage applied to gate 13 of FET 26, the current Ia flowing

&aJ through FET 24 is equal to the cufzent Ib flowing through FET

26. However, if the voltage applied to the gate of FET 24 is.
-different from the voltage applied td the gate of FET 26, Ia

will not equal I nd the voltage produced at the connection

s @
between the drai: of active load (FET) 30 and drain of FET 26
will change. This voltage is'§pplied to the gates of FETs 38 and
40, which comprise a push-pull second_amplification stage. The
output Vout of operational amplifier 10 is produced at the
connection between the drain of FET 3B and the drain of FET 40.

A common way to stabilize the circuit shown in FIGURE 3
against oscillation is to use a compensation technique called
"pole splitting", which_creates an approximate single-pole

frequency response for operational amplifier 10. One terminal of



-6- a CMOS transm ssion gate 42 is connected to the Junctlon -of the drains.
of FETs 38 and 40 (i.e. to [err] The other term nal of transni ssion gate
42 is nnected to one term nal of a capacitor 44. The other termnal of
capac@v 44 is connected to the'tied-together gates of FETs 38 and 40.
Capacitor 44 is used as a feedback el ements in an inverting gain stage to
realize a very |large effective capacitance. A dom nant |ow frequency pole
is created by using the "Ml er efT&T". As is well known, in order for,.
anplifier 10 to-exhibit good closed-loop stability, the onI y dom nant p,o1 e
shoul d app€¥S BERMABIERCTUARES 4gats cpapedgted tq Fhanly‘nﬁbmbﬁf st

si ngul ar igth o5 3pPeats below berdile. tbhﬁ%ﬁ?houﬂh@ Setiett t&MiNapDrdoubl ets (i.
one | eft-half-plane gol e .and one | eft 'rpl ane zero -exi sting at very

simlar FF%’&ﬁY@ﬁEf‘ﬂ%? €% 1420 4T FORBeT YNt QB8 CYArBE Nk Of 2 \PRARCLGF T i cient iy

| ar ge w 4. resxpemthetmtwdmal EpespdcA BErE A4eks %bhﬂg:tlea theneircuit, the
second and S, Of ransfer, fungtion peratl nal arrplifier 10
are pl aceélcs I’)’P ﬁ%ltetsné&%ni%na Gﬁl d;/ g% pr?cf‘?’oerqf}gnc ue iﬁgs)saﬁn?ng that no
ot her norfdmmaml@!engﬂllalr am|Jeiseeﬂrlelgpgi;sreatqgeatqmetaylgﬁalanvqﬁyase mar gi n of
at | east 19[5?4 %feggabee&paeeaﬂc@ ng, uammnepwwoﬂ..r@tﬁc@pe% &gPol e frequency

response with a unity bandw dth of [err] (4) (where
C is thé‘?:%ﬁ?éc?ifé’ﬁéég eco‘l‘ﬂﬂéﬁEa‘lq Sﬁtcapam tor 44 and [err] is the gain of

tAIhle di fferemnd ab il kddwar, &i agfeﬁqava@dmferFEa'&oZAxhﬁ@t q%%d?“d 30) . | Seﬁ
stot a " Techno al. De nsiderations.for Mnolithic
MOS Swi tSE%%E% °%‘?:|5%8‘?“r—‘|tP’ter| “ng" yé?%lr{’ff'“g ‘%ﬁgc%e ggipp‘(ffr {lﬁéml’ EEE, Vol une;
71, No. 8h¢ Atmgusfga198&)equ€)‘rcmourse1f amyp menders namt gahga:%ixt:sesnog strictly
necessar y,, vvggfgwuj t dém%%(tmu‘iéﬂéxéist”&‘i& ﬁéjdbgbfeQQVE{I‘thI o(?pel “circuits in

order to feduce the &f of signal feedt h at requenci es. \Wen _

oper at i oﬁ&ft'zi‘mbf‘rﬂllaé? g e and, ope i faftnrp @%F"Ieré%ﬁfeﬂé’;ﬁtér‘grﬁl s, the signal

appear i ngef} sifglfakesquehcidels 3fk abmbetdavidd cheRd ebhraupd ngapaci tor 44 to

t he out put
p fgicieltly large with respect to other capac1tances existing in

the circuit, the second and third poles of the transfer function
of operatiohal amplifier 10 are placed well beyond the nominal
unity-gain frequency. Assuming that no other nondominant
sxngularities are present, a unity-gain phase margin of at 1east
45°_is obtained, resulting in an approximate single-pole
‘frequency response with a unity-gain bandwidth of

‘L)u =Cn / C¢ ' | (4)

(yhere C. is the capacxtance of compensation capacitor 44 and

£

Gml is the gain of the differential amplifiet stage composed of

FETs 24, 26, 28 and 30). See Allstot and Black, Jt.,
' ‘Technological Design Conside:ations for Monolithic MOS

Switched~-Capacitor Filtering Systems", Proceedings of the IEEE,
Volume 71, No. 8 (August 1983). |
of course, transmission gate 42 1s not strictly necessary.
However, it is typically provided in conventional circuits 1n'
order to reduce the effect of signal feedthrough at high
frequencies. When operational amplifier lo is amplifying
high-frequency s;gnals, the. 31gna1 appeazing at the gates of FhTs

38 and 40 will feed through capacitor 44 to the output vodt'




degr adi hg the phase response of the operational anplifier. The ON

resi stance of transm ssion gate 42 need not be zero, however. I@

t ransm ssion gate 42 is made to have a non-zero ON resistance, tage

which is identical to the feedthrough yol t age appearing at VQut but

opposite in polarity will appear acrosd transni ssion gate 42. This opposite

vol tage cancel s out the feedthrough vol t age devel oped across conpensati on

capacitor 44 ulti t p opal f se erfornance

This, L t netsrEathe, PO sl FebBlndrel Thk gl p Bl el BURST A

resi stance i®@w adﬁtﬁtaedem@ rexhgedsgion gateet? ngfd giogned Zﬁefeodbhvwgh See, for

exanple, & aye 3ndndielon oM (PRI ALEORE! nARPLIdnBle kP Bk Hssdindllf OF [ 3

Overvi ew, " | EEE Journal ? Solid-State Gircuits, Volunme SC . 6, page

978 (Decenbef ¥P3839¢ whiah ipgidentiNgd. to t284f8957h{°¢‘gma‘{$}éagerﬁépwmar

mul tiplicati mvcormﬁmsagtpoen:éahegsaashwmxm aEbQJREca;slss undesi rabl e,

however, becaus&“the sp aﬁ g;c operational a I s severely limted
neces

by the Iim PERPSBARAGP 'éﬁ"?%ﬁ“&?rngf?g Fé’i‘ﬁﬁqth}'t B this reason,
those skill e&edmht&nghavdltbygldeaélqpeﬂembtsstc@mﬁarsamreeapnmlteu( 4achemes to

bt tab b
Very di 11 cuftiisiis, 2 SheTPRePRALALL Mol frilE BHaRE perbthaREOCTRS, TR O
with cl ose t'é'Pl{,SrvaFrcé§e|Rf19FcPefr*’- tUﬁmﬁ!‘WIPhéa@peﬂatﬂFr@eéaﬁwm dts of one FET

W th those obn aR9tdt@hce Qislf Ldfuidkbd @2 LdukabiteCatiRn s@RigQAUIt in a large
nunber of defective |ntesgrat ed circuits, Such techni &oes al so are costly in

power. Fl GUREeesth a SEEh APkt PYAMRLE 0 CEAY AP MR ¢ APREGADA At or [err]

Thefuncti on&n;afzfsw ’oéhfgsa 16y TIxSOmd Gt rapel t“hma‘wuﬁmen off capacitor 14

are the sane_as ,descri bed rev upction F

Oper at i onal Sharseate O #1 é.Lgﬂ (r)\}gdnggé 53R Wladt( ecle'%Jerresponse to a

control signd¥s2; (WSi cl’atahsmq;onti&il,%mgt*muet he operational anplifier is

being operated irf, g§€:dm9i%ﬁﬁ%9aéz 8P e S bR SRR %bﬂ{‘% AGRREfi er 52
cl ose ur

S operated II’I I Ng err | . when cl ose
is undesirable, however, becavse the speed of operatzonal

amplifier 10 is severely limited by the limited bandwidth
necessary for circuit stability. Por this reason, those skilled
in the art typically resort to far more complex schemes to |
obtain stability if high speed operétion is desired. Such
schemes can be very difficult to implement and may involve
fabricating individual FETs with close tolerances in order to
match the operating parameters of one FET with thdse of another.
kﬁg Difficulties in fabrication can result in a large number of
defective integrated circuits. Such techniques also are costly
in power. _ '
FIGURE 2 shows a schematic diagram of a
' switching comparator 50,
The functions of switches 16, 18 and
22 and the~function of capacitor 14 are the same as described
previously in conjuncﬁion_with FIGURE 1. Operational
(differential) amplifier 10
changes bandwidth in response to a control signal g&
(which also controls whether the operational amplifier is being
operated in'closed or open loop). When the operational amplifier

52 is operated in closed loop during ﬂ; {(i.e. when closed loop



v &
-8- switch 22 is ON), operational anplifier 10 is internally conpensated -
agai pst oscillation. However, when operational anplifier 52 is operated in
ope@oop (i.e. during [err] the internal conpensation is disconnected.to ¢
achi €Ve nuch hi gher bandwi dth and correspondi ng decreased response tine.
FI.GURE 4 shows a detdiled schematic diagram of operational anplifier 52,.
The operation of elements of opera®ional anplifier 52 Iike those-- shown in
FI GURE 3 have similar functions as previously described in conjunctios with
. FI GURE Zwab¢h vmzl is rcmt. et atichel aﬂ@ssmrueberb herimternally - -
Transm ssi on ‘? m So‘s’,"éi clgggonon orlgvg P%g a _gontr oIa signal rather than
bei ng tiear atgﬁ I'nce transm s$roh Sﬁf i) tonprises an N

swi tch mlafllérsw tlehqpeaatemu@rcmn bdog 4iumseduting ﬂ' Jor th¢ he control signal
so that fakbdintodieas Mae {a@&m@céﬁs%%, iffmneh fghsm ssion gate are

ur ned S|nu t aneous cour se coul d be substituted
for t rarf@r’ﬁﬂssqt@na'giaFer'ZFEPPFG’d’@sﬂ?%G)‘“d V\Hiﬂ?"éﬁeﬁfla?r onal anplifier 52 is

operated i nridmCA Qp6ds 14000 /0Ee dohefat idUdidddat Ve bperakisHrini Ssion gate 42
is turned ON (and_thereby functions as a conpensation switch). Wen

operatlcﬁ‘f}i’ll 5i8sl Pfi-er 52 is operated in open loop (sucAfs during
transm Ssphe@at igpat &f 42emeuttsu45ﬂexﬂ:eﬁ¥5pnahemgmxdtsmnlee:tthage—— conpensation

capaci tor 44 fr the ains. aof _FET sul.t. the bandw dth
of oper a‘ef °6hal” a s lQf g’r V§251mﬁé?re§s§§§i8r ‘f’l°us%€|dﬁ§%"tbﬁe dom nant pole

need notin r:en:blebbwnt RetluFIGYREY S| andf welqluem;;b)e fmethd;sspm of the

operatiqpal,, anplifier increases correspondingly. Mgt m ssion gate 4
is OFF, the gain-bandw dth product of operational QTI %?‘girs b2 is mcreé‘s}ed

by 10- 5(atents isrswisFaed PReandeRSS vy P tapnsFolo ségnal éﬁ%ﬂe’-’aﬁ‘iﬂnlfler i s

i ncr easesh iqg O flebadn WET YereMBlde di §frﬁ"eeﬂf‘aﬁﬁm£§%ﬁ$ﬁ%t§| gnabspragptied to tnput
termnals 12 and 13 of oper at.i onal, roduce Iarge differences. =
in the ot PutitelrAnd 25t sPREFRypat 4 gﬁ%ﬁf aﬁp‘I |\‘? W‘t“l‘fFﬁt &P®al f cl ock

cycl e ofcdniieoswiigmdli Bg traasesyh theleamt ecbe ar swhtct Becionpaitat or circuit
shown i r\: lg& i?s 1%n &Qf eQ?eeclupXeé Bﬁ ﬂ%ﬁlpacrreously (of course, a
simple N sw1tch could be substituted for transmissron gate 42 if
desired). When operational amplifier 52 is operated in its
closed loop mode (i.e. during d;), traﬁsmissiOn gate 42 is
turned ON (and thereby functions as a compensation switch). When
operational amplifier 52 is operated in open loop (such as during
ﬁ&), transm1551on gate 42 is turned’ OFF,_thereby disconnecting ;‘i .
compensation capacitor 44 from the drains of FETs 38 and 40. As T S
© _a result, ‘the bandwidth of operational amplifier 52 increases
dramatically (since the dominant pole need not lie below the :
unity~gain frequency), and the speed of the operational amplifier o
increases correspondingly.
When transmission gate 42 is OFF, the gain-bandwidth product
of operational amplifier 52 is increasec by 10-50 times or more.
The sensitivity of operationallamplifier is increased (so that
very small differences between signals.appiied to'ihput'terminals
12 and 13 of operational amplifier will produce large differences

in the output v of the operational amplifier within a half

out
clock cycle of the switching phases). The accuracy of the

comparator circuit shown in FIGURE 2 is increased by the use of
the operational amplifxer
in that very small differences between Vin and Vv

- ref
will change the state of the comparator. -



thE-opeFationaI arrplii‘ier" in that very small differences between [err] w |

change the state of the conparator. -9- A sinple dynam c conpensati on
schene, i s provided which greatly sinplifies conparator de . Standard
cells may be used to inplenent this conparator circuit, ther reduci ng

the cost and-the time necessary for desiggn and manufacturing of
conparators. The resulting conparator requires very IittIe supply current

and operates at very fiQhsiR°Rimalle Spitlidat ich Samalg e plLl odgubl e

pol y GMXS processes. recogni z Brati-6nal
anplifier 52 is WRi%h unﬁféﬁl-hiédﬂﬁ’]a‘tfée%hﬂ"l“ﬁgﬁ[téF rqeéllg'é- ﬁmﬁar% cl osed

| 00p) . FI GURECHLI1SNANE bd 4e@S 88tinp 1 dHeRt B8 0o dnes FRGRT ¥i RADO it By Of a .
digital |ogi CF%te array 53 used to ﬁrocess t he_out put of operatlonal

anplifier 52 FFYSARREPECSH 0PN O F)f‘ﬁcééﬁ‘?yrrﬁ?‘edﬁﬁ‘agr‘n‘gé% in state of the
operational - ama{ufhcarzmgtmdoﬁga:hh&schauﬁQeSesultmgwc(::hpa&atcbno rbhuicks changes

in the output of g ratlonql cung%e?f er, 52 cause anqectlgg e out put

of the anplif e ¢ Pgn?peéss I'ng elgou?ppee fhe

conparator) . tmpem:ey SLSqumpES;blmwmrddMleWD gm%a:mssss and 62 and
flip-fl.op 60 servg {p pw %8 Rkl tﬂetmbuefofoasmumal a@mkiér | 63 52

through to the output err array 53 only when the output of

operati onal ahplin Pér“nésam-‘éss"é"-aeﬁq'ﬁé‘ij Aevbie(vhen ipiRdpses |1§°H”ovv) I n
particul ar, tpegsel 9§Hh6w§|£§?@§e%t2y Wt@@@&@&%x@mﬁfﬁ@ganﬁoaxﬁé}ﬂ stitaput  of
operatlonal nP|Ierr [err as spon as a Itimate state change
occurs (rat hef*94F3A Jo‘?‘?éc ?a"ﬁn?'e‘a |%3c125f)%|"§e§"1°85%r')% YFPRE 198 wor ds,
chan es i n t hepexattporialobmmiigiet is@nt cadexd ithi mropb@atar enl'ysyeg;mimusl y

propagat ed to %%%egu{ l&al oE]the ﬁ%t%k%“a %@cﬂg}.%’ F ”H“?:h&he state of

out fllpflop uring next ti oes low, [err]
will maint ai ncl‘Qr@eﬁrE‘sé’QL @u?pd‘-to biesknehangencd E?%PPEEFS‘I 9L [err] nust be

operational amplifier 52 caused by connecting the output of the
amplifier back to its input from passing to the output of the

comparator). Inverters 54, 55, 64 and 74, NAND gates 56, 58 and
62 and flip-flop 60 serve to propagate the output of operational

amplifier 52 through to the output V' of array 53 only when

the output of the operational amplifi::tassumes a defined level
(i.e. when ¢2 is low). In particular, these logic elements
propagate a change in the output of operational amplifier 52 to
V'out as soon as a legitimate state change occurs (rather than
gsj .  one or more clock pulses later). 1In othe; words, changes in the
output of operational amplifier 52 are asynchronously propagated

to the output V' and simultaneously determine the state of

flip-flop 60 so :::t during the next time that ﬂi goes low,
V'out will maintain its pre;ent outpug.

As mentioned previously, ﬂ&»and‘ﬁ; must be
pon-ovezlapping clock signals. 1Inverters 66 and 68, flip-flop 70
and sampling controller 72 produce such non-ovetlapping clock
signals. A system clock signal CLK is applied to the input of
inverter 66. The output of inverter 66 is applied to the input
of an inverter 68 and to the T input of a falling-edge sensitive
T-type flip-flop 70. The output of inverter 68 is used to clock

flip-flop 60, while the output of inverter 66 is used to control
~ N



non-overl appi ng clock signals. Inverters 66 and 68, fli p-"flop 70 and !

sanpling controller 72 produce such non-overl appi ng clock signals. A system
clock signal "CLK i.s applied to the input of inverter 66. The output of .
inv@er 66 is applied to the i.nput of an inverter 68 and to the T |nput of
af I ng- edge sensitive T-type flip-flop 70. The output of inverter 68 is
used to-clock flip-flop 60, while.tjte-output of inverter 66 is used to-

cont rol -. 10 - the state transitions of flip-flop 70. As is well kngwn,

every tinget Qf:aél g{gg,lagﬁg,l =Ty ftlgplg]_gf,ﬂ np% |-1(|§f Y%ul RadunOPeLQ..changes frgm a

logic 1 to a output - o op IS corrplérrented
Flip-fl optige %51‘1115\?4 é%é“leﬁe“’f ﬁéﬁql}'ehwtof’ftﬁé?sgﬂ@em €hardesby 2.  Sanpling

control | efrohl 9qksg?c2 1peaquqe id 09 fHeNookRpLaRE Ble Q'l@ﬁ&l%?%@' SI [erlr] ?re
ogi c | eve

non- overlap n o s in that they never assune

si mul t aneSUTEE V'%“tf‘?p‘u tﬁi FEFSP%rﬁ”eH’ bHfidsEnthe FESEISNAL[BIE] are the
conpl enendysteh canek ayok hesampSagpddnitgo @it bniclkevz lplroddced2twos Of -
conventi onal | a red conprises a

conbi nat |'{(g%af’97r§ P@m EIPdck\/\kg &cqg‘isrddugées?ezno?lgveé %ppl ng [err] each of .
whi ch ar ewa\t-ovqtéaam ¢l@dfuemy1asmt heatsithew inependgsent degiche Q out put of

flip-fl 0If>1JzQ1 1 R¢mENaRebd Iyl €71n0the Bk OtUZ e embodiment, @, and’ OVi des vol tage
limting, thin a predeterm ned "w ndow', of a varylng_ 1nput signal.

FI GURES 'Rza)“e/(tﬁ‘f CHRBRETINE S F 2PF ATORRSF -bePaPAANY IFPFERIRET and out put

signal s aflogkcie akidB tefiventhennuagignpfanidheid ithk tgretehrages state only when
thelnput sfies,the fo

(wher o [ PPpained, SeipEidston Fopeifsadan! Josfakear whiguPraers. 1 of her \J
wor ds, th@ncmq:ullapmrgnﬂ a[nérﬁ’ eehlamgeshxscthaa:ee whetteveamd n [err] (the present

i miter eapemgeé n Q%Oaé @l at ¥ileNb (et el Efigheldy SdN1C OUt pUL
dn r[err

[err] of the I mter %e sta T at her shoul d
retainits I§¥%§ﬂ°%dllaetef of Flgur-e

limiting, within a predetermzne_d "window", of a varying input
signal. FIGURES 7(a)-7(b) show the relationship between the

provides voltage

input and output signals of such alimiter.
. . The output of the limiter changes state only
when the input Via satisfies the following:

W, 1>V (s)

{(where Viim is a reference voltage of a _pred_etei:mined level). v

In other words, the ocutput signal vout changes state whenever

either Vv, )Vlm or v < vlzm

hence be described as an infinite gain lzmitez).

(the present limiter’ may

The output v of the limiter should not change state for
v, .1 & Viim? but :ather should retain its latest value.

- Once vout changes state for Vin > vhm' vout will not
again change state until Vins Viine Likew:.se, once Vo &

changes state for vin-“ -vlim' v w:.ll not again change

out

state until v, > Viim® Vout is graphically illustrated in

FIGURE 7(b) for an arbitrary input signal Vin shown in FIGURE
7(a).



§ : . .
Once [err] changes state for [err] wll not again change state until
[err] Likewi se, once [err] changes state for [err] will not agaipgChange
staate until[err] is graphically illustrated in FIGURE 7(b) f n
arbitrary input signal V shown in FI GURE 7(a). - 11 - A schematic
di agram of - alimter 110 is shown in FIGURE 6. One preferred '
enbodi nent of limter 110 is fabricatedion a single integrated circuit chip
usi ng any conventional double poly CMOS technol ogy. A reference source 112
and a glock genepadBemdSit B4R sxternal to the nonolithic linmiter 110 for
added flexibility in controll’ing the operating parameters of the limter. A
reference source 112 (tygi &H?‘I‘?‘al\?ari abl e, highly-stable reference voltage
S(ﬁur_ce) prodluces aI prelgl@hea%medm@tec._enq@e §,i;g€alzﬁ{sa;,ﬂb}>aiMigc(lkr det er][n' nﬁs
the i nput volja . a i C ransi tions.of the output. voltage of the
i tor - ocourtErtitg ulabtieled A% spdls 4Rbedrdint KPise Heby o MosrET
sw tching el ewsing drydcoivent torailghaible @oly MOShtegihnélogy. [ogefedesvel 1). Vin
(the input si t,q ,b I 1] ) ad lg%@f S i ng el enent
116 and a cap%éh?tl:f")rlq‘flgr?‘J ﬁ%%ﬁi#gn%é??rr%%t?pf% %pp | eljs':;g\lﬁér%4 %g@capaci tor 118
when signal [Ranelithichligtiter \k1§ for added SigniPébityndniaepbralddnd\:h&OSFET

sw t ching el egpurbeink?Parahdlefds ldfe Bificar capacitor 126. \When the signal
[ferr] is high, Vinis applied to _a first connection_ 128 of capacitor 126

t hrough MOSFET st 18ERFFRf e PRMRSSt Li (LYRIGRIYY 2 YRiBRIP cBARBYTFHPL230 of the
capaci tor i s fefenesdectoltaggr suurde P prodideal a igreoerdinbAddFEdEarehéchi Ng el enent

22y hen 2 SLmgl . Chl Wby, RIS TR poBORRL 07, 120 1
from second ceoranetticon d3Bhefouthet yaptaget of .the himdtferoctumrev,,
non- over | appi I@séie-&-ivéﬂﬁhﬁfﬁd”@& & sihind g Sodu! 4 FPEQUds¥Er shienipy ues of
capacitors 118 and 126 should be chpsen t0 be

element 114 when a signal 2 is high (i.e. logic level 1).

vih (the input signal to be limited) is sampled by a MOSFET

switching element 116 and a capacitor 118. Switching element 116

applies V, to capacitor 118 when signal ¢2 is high. Vv
is also sampled and inverted by MOSFET switching elements 120,
122 and 124 and a capacitor 126. Wheh the signal ﬂz is high,
Vin is applied_to a first connection 128 of capacitor 126
through MOSFET switching element 120, while a second connection
130 of the capacitor is connected to ground potential through
MOSFET switching element 122. When a signal ﬂi is high, first
connection 128 of capacitor 126 is grounded to ground potential,
and the inverted samplea vin may be obtained from second
connection 130 of the capacitor. ¢1 and bz are
non-overlapping (i.e. they are never high simultaneously).

The values of capécito:s 118 and 126 should be chosen to be
small ehough to permit chargihg during the interval when the
control signals are high, yet large enough to minimize the effect
of clock feedthrough offsets (i.e. voltage offsets produced by
storage of clock signals in the capacitance between capacitor 118
and switching elements 116 and 132 and between capacitor 126 and
its associated switching elements) and charge injection due to
the MOSFET transmission gates. Capacitors 118 and 126 have equal

capacitance in the preferred embodiment to balance the effect of

errors which may be introduced.



smal | enough to pernmit charging during the interval when the control .
signal s, are high, yet Iarge enough to mnimze the effect of clock

f eedt hrough of fsets (i.e. voltage offsets produced by storage of clock |
S|gna§gfln t he capaC|tance bet ween capacitor 118 and switching el enents 116
and 1 and between capacitor 126 and its associated switching el enents)
and charge injection due to the MOSFRE transni ssion gates. Capacitors 118"
and 126 have equal capacitance in the preferred enbodi nent to bal ance the

effect of err CAI‘ §1m Qb;f@bﬁn?%étogfIQ@Uﬁ&dlslng M'OS%g'I swe‘téﬂﬂhgtel%%keh' Ng W
network c gg)rl sing MOSFET swi tching el enent 132 ET sw tching

el ement %é‘l"éci iMPEFET aﬁﬂﬂ)F‘i’hI@Heeweﬂhé@aﬁﬂeéﬂl‘éﬁlgnaﬂ’ﬂye?@ o8f [err]
(stored OntE@-F%&ﬁpiéH siéa%)l my Bftie. ¢suEre@Cor BYFIdiedr Si1gnadnd evel of Vin

(stored on capaci |ng elenent 132 applies
sanpl ed Vi Ai*§ &2 g'ﬁiﬁ‘?{ i t&é ”\g‘n{fg g %ﬁghn[(&;?ﬁ ORI TAP2CMAT e swi t chi ng
el enent 13nze)ppb|smmung'e1wedAsaSpim1h§ dlementmB2gpphiewodempledhen a signal .
ferr] is ﬁ“@ 0 | -wi red connection of
swi t chi ng eirerrenf % g%@ 1%?3%“??3%%5'%?%' wlil The rel ationship
bet ween [ esvitchaing elemﬂq lléé appples Aoventedgranpled \chtm |sumivingt | y. A :

conpar at or n&fd \Woktfer] RCELLHNGS 2l s iy e %&QH@@@E% A@@s gnd capaci tor
138 are connected to sunmmn ode The "-" corrpar ator -136 is

connect ed FHRIENRRRAGY AT O/ ‘?ﬁ"é‘ﬁ'éﬁicf‘f’&f’hi%elgﬂ‘ﬁﬂté Jf:H‘E,‘. 32 andhyut of the
conpar ator134s a8 N eapedch dod - gzmunmqoabbaﬁuoabmp@eweatp y pis a

convention CIXE? at dyces i ghal V - whic
is low co 3 4assunese?%la%e§ 9@33;% ‘\i/ﬁitg 'tjshe ¥é}ygnal applied to [ nﬁd?
140 is greate® tcomparaher snegmﬂk a&plndedg tep aefjiye QMOS, coppdrptothilgh (i .

?ﬁsumes Ilog.sa: c%syﬁguto" 138 Q?@rbzhhgc_r%dg{@buﬂﬂmg‘ Rbad Q.1 NRidt »14Q LS, | ess than
€ stgha aao %fl gompa(gatl:onrpliae is E:onnelcj:ts:ed to summmg node A via

capacitor 138, while the "+" input of the comparator is connected
to ground potential. Comparator 136.is a conventional CMOS |
comparator which produces an output signal vﬁomp which i; low
(i;e. assumes logic level "0") when the signal applied to input
140 is greater than the signai-applied to input 142, and is high
(i.e. assumes logic level "1") when ﬁhe signal applied to input
140 is less than the signal applied to input 142. Thus, véomp'
will be low if'Vs-(the voltage level at node A) exceeds-Vé
(the voltage across capacitor 138). V__ ' will be high when .
Vc >.Va. . .

Vcomp is applied to the input of a conventional digital
logic inverter 144. The output of inverter 144 is applied to one
of the two inputs of a NAND gate 146. The output of NAND gate
146 is applied to one of. the ipputs of a two-input NAND gate
148. The output of NAND gate 148 is applied to the D input of a
D-type'conventional flip~-flop 150, the Q output of which is
applied to an input of a two-input NAND gate 152. The output of
NAND gate 152 is applied to the other input of NAND gate 148.

- A clock generator 154 produces a periodic clock s;gnal-fh.
In the preferred embodiment, clock generator 154 is a
conventional free-running square wave oscillator operating at a

fixed frequency. The freqguency of clock generator 154 is chosen

comp <

|



é ; . .
will be'lowif V (the vol tage level at node A) exceeds V a

c (the voltage across capacitor. 138). [err] . wll be high when a
Vi .is.applied to the input of a conventi onal digital conp logic i @ter-
144. The out put of inverter 144 is applied to one of the two inputs of~*a

NAND gate 146. The output of NAND gate 146 is applied to one of the inputs
of a two-input NAND gate 148. The out put ;8f-NAND gate 148 is applied to the
D input of a D-type conventional flip-flop 150, the Q output of which is

appl ' eg/to an wFHét hfgn @n&yéﬁn 'tgnﬂtn thét&f;é.zof J-.I-J}Qa toquéa C1W gate
152 is applied to the other input of NAND gate 148. A c ock enerator 154

produces a per 1t 82€158€Kk1 3§ Ghati Tt s [PeF FOMIBCH 36 E?Jrleéseﬁ?bbél’l“ﬁénfhe cl ock
generator 154 jspit EPduGRREY QAdbe forfee runmdﬂguswabﬁ AR¥R gas.etidoat or

t t d_f f t 54
hosen "0 2 1S SR AR e BB R A S B SRRSO
capacitors 118;nv:b26earlc$6188.aoplmdr tali thepinpusr ofikpeim® roet Ilsasartdothandl e the
i nput frequency,J %“?Spuf‘%f ot d @alli}ggec%:%g 1Q§vec'¢°€{§pe9§'f?§]af&8 o4 1S

applied to the Inpu an 1 nver out pu ver 156 is
applied to theT‘PmQHFPlU-f ofininivayten ap8 lizgusedy t?cFILOHE fl ipniap b$°va"hlle

falling-edge sa;b%htﬁm Iftm@rééa B56 | :@Pud&D o Thmepbt RUL Kfatknverter 158 is
used to clock flip-f whil e t he out put of | nverter 156 is used to

Cont ol the. st AATSEFIATE: Bf GHPOHOR 160 | B 1ecteLLakne , £YaT¥ i they er y
time the signabignaplappdied tiohehe T it of filippElopopsUl Gharfeantean &rom a

logic 1 to a | u I | enent ed.

Fli p=flop 160 ?%.}% ?unc? %Qt gpgl;lsgj%gh?ﬁueé #gﬂl&eg&f—g%gfg?r] by two. As

wi || be expl ai erawplen¢ritieds | didipStional ¢t shwss fuhetigngsthBivideptke of NAND gate
148 during perm&%eﬁ&r\%l FhphheudRut ity 01 eOBRARIhEY, E3fpde@6p l1sbs undefined

whenever mam%ams e @ output of flip-flop 160 is applied to a sanpling
present output of NAND gate 148 during periods in

which the output of comparator 136 (vﬁomp) is undefined

whenever ?; is high. _

The Q output of flip-flop 160 is applied to a sampling
controller block 162 which produces two non-overlapping clock
signals dl and ﬁz (discussed earlier). ;51 and ﬁz are
non-overlapping clock signals in that they never assume logic
level 1 simulianeously. In the preferred embodiment, ﬁl and
¢5 are the complements of one another. Sampling controller_
block 162 is of conventional design, and, in the preferred
= embodiment, comprises a combinational logic array which produces

non-overlapping ¢1 and ¢2 each of which are at the same
frequency as the signal produced at the Q output of flxp-flop
160. ¢1 is applied to the other input of NAND gate 146
directly and through the otheg input of NAND gate 152 through an
inverter 163.

The output of NAND gate 148, in addition to being applied to
the D input of flip-flop 150, is also applied to an input of a
two-input AND gate 164. The other input of AND gate 164 is
.connected to ¢2, while the output of the AND gate is connected
to the T input of a positive edge triggered T flip-flop 166. AND
gate 164 gates the output of NAND gate 148 with p% to reduce
the possibility of "glitches" or other transients causing



control l er block 162 which produces two non-overl apping clock signals [err]
(di scussed earlier). [err] are non-overlapping clock signals in that they
never ggdume logic level 1 sinultaneously. |In the preferred enmbodi nent , ,
[err] [err] are the conpl ements of one another. Sanpling control | er

bl ock 162 is of conventional design, and, in the preferred enbodi nent, _
conprises a conbinational |ogic arraylmhich produces non-overl apping 01 and
~ 02 each of which are at the sane frequency as the signal produced at the Q
out put of fehip- fflbgplésGQo Jrr%gl de2t@PPlrhed 59 I\i&eoeth% -ERUL6OT NAND gale
146 directly and throu t he ot her 1 nput ate 152 through an

i nverter 168"“eﬂ’fédo'iﬂ ﬁﬂt inputnefp @‘a‘f‘e‘“RﬂB Noﬁngaé(?d?fq'oﬁh’tjtf B iy applied to

tA RE Di n|0l11t>ue);f>uTrJ;1 bE peHel ep;pl-'i@opuf& aAbrgﬁca@d)lﬂfgsln tidpas dfnawwgoin@tt vvo] | \rlrwr:_ult
gate . e er_inp of, ‘gate conne rr iIle

the oat put B 4118 SO (BertheiRRAE Rac Tk BRAVR SRR LT o9 bt ve odge

triggered &arélagnnédios 166:omﬂ\blﬁ)agadteo xbé gmuesot lae nwteptrer dﬂZNAMBegat e 148

ith tch th t I ent
causing | 100y B2 Fver By BRRR ohhdelt B 70" The O out put of 111 p-11op

166 is connect®® QcPlH—ﬁ“T- £139-£20P AESi h’p@tlsNGQngaQ@dls'B thghinmett he Q

out put of LRead linPefdeRP176, QQ@%QE:@Q oEOwIEhl D@Lt'fheoéut%uEVQ'ghQPl&f NOR gate
170. The ot her input of each. of NOR gates 168 and 170 are connected in

common and 1B e EE YO dMoiwtverter 172, The input of inverter 172 is

connected to Tine &periipon oFf thé Ippeﬁérﬁpyl;ﬁﬁfbﬁréﬂ s:aemaapcanbddin@nt he input
of an inver er 174 t.pu | S QuLD limter |
. . wn 1 (;IUIRE g)qn kge F% derstgg' lby pre v%%&g W/

circuit 115 er il T opera i'on o pr esen err exenplary
enbodi nent téhingndias fAmGEIRENG imeRIGHRE [$et t‘élr e ceamplesbdubingobber vi ng t he

timng di a%é‘é‘?v’%’i%nlg H <G5 Band Wsnst&e%aaﬂcﬁﬁaﬁt'bwgutehﬁnd nterval when
[err] is hi and i s ored on capacitors 118 and 126. Dependi ng upon the

| evel of o&gﬁut Dgpendling ypom Bhe 1681 Oft PRIPUE RE Fﬁ@fﬂ’ﬂ%& 2869 signal stored
on capacit @itHekBtRé (nBR-inverted) signal stored on capacitor 118 or the

(inverted) signal stored on capacitor 126 is selected and

connected to summing node A. ﬁysteresis is provided by

controlling when the various MOSFET switching elements are -

switched in relation to one another.

Vlih is sgmmed-with the signal selected by one of the

MOSFET switching elements 132 and 134 at summing node A. When
¢2 is high (and thus, ¢1 is ;ow), Viim
stored by capacitor 138. Simultaneously, vin"is applied to R
capacitors 118 and 126 when ﬁz is high. As is shown in FIGURE

8, ¢3 and ¢4 may be high only when ﬂz is low, so that V,

is applied to and

'is never applied directly to summing node A, nor is V ‘ever

directly applied to capacitors 118 and 126. Hin
It will be understood that when ¢2 is high, the output

vcomp of comparator 136 goes to an unknown (undefined) level. -

NAND gates 146, 152 and 148, inverters 144 and 163 and flip-flop

150 serve to propagate V through to the input of NAND gate

comp
164 only when vﬁo mp assumes a defined level (i.e. when pz is
low). : .

When ﬂi is high, switching elements 114, 116, 120 and 122,
act as open circuits, and switching element 124 acts as a closed

circuit. Thus, one of the signal levels stored on capacitor 118



(i nverfed) signal stored on capacitor 126 is selected and connected to
summ ng node A Hysteresis is provided by controlling -when the various
NOSFET swi tchl ng el enents are switched in relation to one another &y] is
sumred with the signal selected by one of the MOSFET switching eI@h’ts 132
and 134 at summi ng node A. Wien 2 is high (and thus, [err] is low), [err]
Is applied to and stored by capacitor 138. - Sinmultaneously, [err] is
applied to in capacitors 118 and 126 when [err] is high. As is shown in

FI GURE. 8, 03 andl 4po®tdpe1d qhhmlaxtammfarbhe'éohoazsmgetmasao\fo@ |'s never

applied directly to sunm ng node A nor IS ever imdirectly applied
to capacit or sC3RIFFISAF 1254 19 PRI BR St‘.iﬂﬂt’?gsf’ﬁ‘iﬁj“th%&“ R P02, 195 hi gh, the
out put V #f, nOEpgH At on:ﬁﬁGugaes;zﬁa a&mkmzéw"fdewmdam hegel . conp

D g 145 SRt s e AR B "

[ err]assunes ahrhaftumedVI Eﬁg efstbred: onvduapac ey 138)s ik osubt rafred fe:mr] I s high,
switching ele t gl a
swi tching el egn‘gﬁtéi%%fég ts é’g épecﬁ}ggt (Zzlsrt%%?ao%g%?&&“sc%& nd 996 gnal

| evel s stored onﬂgap%ldllsbrMMBWhen §, 1 higinané dhae |l&)ﬂ-°‘1~26Wl{’€me Iatter

avail able fro cgng i Qn 13Q_of gapéasgl g@rtolg ¢l §4@Q,|gl ied to summ ng node
A when one ofp err] % i &1 hj ghin “Dur’ né hi's l'?sl)"I , connection 128 of

capacitor 126 '?aGBH?Fe&Péd ansb'fgoHedn;b oRf LewiMNGY eteRetn 124. Al so during
this tine, [evi . (Bikpwase O ceqoaegﬁafnljkw;)ems ubs rndgheghaf rom t he sel ect ed
one of the vo &Sy Shor capa ltOI’S 118 126. [err] is high only
vvhérf[err] [ h1gh ar'f'd"vg‘si}e"glowﬁ en'ins h‘?lg.lm Vin - Vlimis applied to
i nput 140 of tempeliedrolBdutchisphgedmpermtorolife b@whenl\géo\agml\lf nf[err].

Li keWI se, [erpd 10w Snly g0 \Pnld Men M.e. \’S i ghvaRda ana

compared with positive V lm). Vout changes state only when
Vcomp is low_and a leading edge of ﬂ& occurs.

Because flip-flop 166 is triggered by the positive edge of
the output NAND gate 164, flib-flop 166 will change state the
next time ¢2 is high and the output of NAND gate 148 is high,
When_flip—flop 166 changes state, the opposite one of ﬂ3 and
¢4 than the qne high in the previous state is made high (as
gated by ¢l). In this way, the signal level stored on a
different one of capacitors 118 and 126 is applied to summing
node A. A search for the next "window excursion" is thus carried

= out. _
’ As is well known, mismatches in the input circuit of
comparator 136 may result in a non-zero input offset voltage.
Ipput offset voltage (véff) is the voltage which must be _
applied to lead 140 of comparator 136 to cause the comparator to
sense that equai signal levels applied to leads 140 and 142 are
exactly equal. As is well known, vbff has, in general, an
unknown value which fluctuates with several factors (such as
temperature, power supply voltage, etc.). To compensate for this
non-zero input offset voltage, a MOSFET switching element 172 is
connected between the output of comparator 136 and the input 140
of the comparator. Switching element 172 is triggered by ﬁ2.

Thus, vc (the voltage across capacitor 138) is in fact vlim -



[err] is high. when 4 is high, -Vin - Viimis applied to input 140 of

conmparator 136, so that [err]Jwill be lowonly if [err] is inverted and
conpar e ith positive [err]. Vout changes state only when V is low, .
and a | ing edge of [err] occurs. conp Because flip-flop 166 is

trlggered by the positive edge of the output NAND gate 164, flip-flop 166
w Il change state the next tine 2 is high and the output of NAND gate 148
“is high. Wen flip-flop 166 changes —st&te, the opposite one of [err] and-04
than the one high in the previous state is nade.high (as gated by [err] wJd
In this way,thohergrngl; | e shesnam-geroninputdictfestenolzge of capaci tors 118

and 126 is c%ﬂ a%ﬁgrtﬁéumh@dﬂﬂap%% fSG /i‘ssftﬁtlpgns;tgﬁ Ed1E aNftl e Y4 ndow

excursion" is.thus carried out nown, m smatches In the input
circuit of Ygeppdearbtingapn mer%?é’ﬁﬂtq RPRrFtdAtzer o | nput of fset voltage.

| nput of fset veld agRide’r &1deuli® nmesmsunt PFIORE s BEkptbeDeaslRhiQd to | ead
140 of compar ator 136, to cause the aﬁggar ator to sense that equal signal

| evel s applPed T2 ITEIRF AT EREE fPdPox 40t FRE B8ERTT®9As is wel | known,
[err] has, embogmtetalswiaqhembamitvalugehmtmmla ddelasemitosimpliehersever al

factors (sygh SRcCRIRCLILINSs PONCTLAUIPRLY, 4951305, She 1y TggcOnPensate

for this non-zero set vol't agé ng e errent 172 is
‘connect ed B@Rheand caracageyrit(1ds, ééﬁpﬁndaﬂ@)?) 136  and the input 140 of the

conpar at or . %&s&m@nﬂmn&xéﬂatﬁ ehsb&gea@%algybleﬁ{ als&huaa i¥c (the
vol tage acr0ss ca acitor Isin fact; - [err] (where Voff

i s the nondg&rit PRBYR GP?%F}‘Hﬂﬁdag’é toe E‘Eﬁrﬁé?‘lata@P‘ﬁﬁfe WAt or 136 | 5\_,

conpensat edrak pit idn8 0dhdz asdi fiich€ionsemayl be ngadlenmmnes axenprdrg operation.

limter ci r%Hoé; 19 v#t?r)ént d@p?rht%REf mrr@l){e ngﬁ% brl Ca# agton a si ngl €

I nt egrat ed Crrcul TEerrod e sW% ched .capaci tor
t echni ques faptuneseof ttcbllﬁ nigiventinan.t h%orsm{atﬂmpﬁg aé-ltbmﬁlt switthdng 116, 120,

122, 124, 13ément3t1841d116, 120, 122, 124, 132, 134 and 172 are shown as
simple N-MOSFETs, they can each comprise a transmiSSion gate-
having both an n-channel and a p~channel switch in ‘order to
increase the dynamic range (signal handling capability) of
limiter 110 (of course, the'p-channel switches would be
controlled_by'the'inverse of the corresponding n-channel switch
control signals), Likewise, while the circuitry used in the
preferred embodiment for producing ﬁl' pz, ﬁ and ﬂ is
implemented by CMOS digital logic elements, 1t would be
understood that many other implementations (such as a j . ;;J
transmission gate and capacitor or a microprocessor

implementation) are possible. Moreover, capacitor 138 could be

used to store the level of Vi -V off {or Vi off) rather
than V (provided that the arrangement of the various

lim
switching elements was changed to accommodate such a

configuration). Also, 1im could be made variable and applied
at different levels depending upon the current limiter output,
thus increas1ng the amount of hysteresis control. In addition to
double poly, poly-to-diffusion or metal-to—diffusion capacitors
could be used with care taken as to the extra stray capacitance
associated with such structures. Accordingly, these and other
modifications are intended to be within the scope of the

following claims.



1;2) and capacitors (118, 126 and 138). Although only one &xenpl ary

enbodi.gent has been described in detail above, 3 | g the art
wisl | ‘appreciate that many variations and nodi “mmm“lm%"rﬂmp'ade in this
exenpl ary enbodi nent wi t hout departing fromthe nevel amd sadwant age N
features of this invention. For instance, although switching elene 114,
116, 120, 122, 124, 132, 134 and 172 are shown as sinple N MOSFETs, they
can-each conprise a transni ssion gate having both an n-channel and a
p-chanpel switch in order to increase 4he-dynanic range (signal handking
capability) of Ilimter 110 (of course, the p-channel sw tches would be
controlled by the inverse of the correspondi ng n-channel switch control
signals). Likewise, while the circuitry used in the preferred enbodi nent

for producing dﬁfﬂﬁ and [err] is inplemented.by CMOS digital |ogic

el enents, it e understood that many other inplenentations (such as a
transm ssion gate and capacitor or a m croprocessor inplenentation) are
possi bl e. l\/breov1er, capacitor 138 could be used to store the | evel of

[err] rat helr* t hAh SR i A AAsARY 1dmitett KEER PYShRg&RERL SBY LHRIYESr i ous
swi t chi ng el ersempsisamg: changed-t o accommodat e such a configuration). Also,
[err] could be nade riable and appljed.at_.different, | |_s. dependi ng upon
the current Iim taervo\ég?%euf?m?aﬁﬁsoﬁ %Egz‘r'len sfﬁbut ﬁ'é‘; asrergﬁnn 1§¥uetﬁyas?dgrgasi S
control. | n oudPet.osaid cdopddagopdlaying g -diffelfanfueitpnt ortates

met al -t o- di ff URioQRs GAPEKA Of ferCBE!idsDEgedi dVat Neredh HrekRAalivet O the extra
straay capacitance associated wth such structures. ccordingly, these and
ot her nodi fi cafilésee ape Haiehdadd tfdrpe ippehicRneeRtedcha BRESFRRESf ol | owi ng

cl ai ns. CLAIdYBade poif¥} €l ectrical signal limter with hysteresis, said
limter conprising:_.a voltage conparator having first and second inputs and
an output, said c rfp‘éF'ét%‘r“‘rgfé“\ﬁ ﬁgppatc\?\b“di"??'ésr éﬂ? af bUft asf?ﬂ"g% oL}eﬁendi ng
upon whi ch of lim$tingpudltage \afimt;he hi gher rel ative

a second switched capacitor means for storing a sample of an
input voltage Vin; _
a third switched capacitor means for storing an inverted
sample of the input voltage, that is —Vin and
sampling control means connected to said output of the
voltage comparator and to said first, second and third swiﬁched
capacitor'means for alternatively connecting either said first
and second or said first and third switched capacitor means in
circuit with the second input of the voltage comparator as
required to caﬁse a change of state in the comparator output when
: Ivin';> Viim®
2. an electrical signal limiter with hysteresis as in claim
1 wherein said first switched capacitor means includes offset
switch means connected between the comparator output and its
second input for sensing and also simultaneously storing any

offégt vdltage Vb assdciatéd'with the comparator's operation

_ £f
in the first switched capacitor means.



»

vol t age andesaiol_fWTnput connected to a reference vol tage point;-
a first sw’ti“ﬂ ' ns for storing a sanple of a limting voltage
[€7Y] seco 'mmm”m” Ftor, means for storing a sanple of an input. .
volta [err] *a £hikd swstched capacitor neans for storing an inverted -
sanpl e of the input voltage, that igg[err] and in sanpling control neans
connected to said output of the vol'?g@e conparator and to said first,
second and third sw tched capacitor neans for alternatively connecting .~

€ither said first and second or said first and third sw tched capacitoret
means in circui B.wathinliber sgcomdlanp@t wherlee: vol t age conparator as

required to causg a change, .o tate in the co rator., oyt put when [err] 2.
An el ectrical ET%nach'l%mgfletFLﬁﬁ?tcﬁpﬁ}s P& T8 ’rangil?'%esclfé‘f ?"W{'erei n said
first swtcsigdabegael tsdrrimmansananbucsor gl tke level off smEdnsarpdediect ed

bet ween t he; %9@%1@584 voUl R and its second input for sensing and al so

Si rrultaneousr\y storing any offset voltage [err] associated with the
conpar at or' s opeidathine priltahed fqapacitari Peansdincdydes serondedrrut -18- 3. A

limter as ifgnsl AleVe? st¥bEiLhPansS2bE t8E0HY csyvine;?&mecamsé tiRkefrEANS

includes first inpput signal |evel staoring neans tor storing the |evel of

sai d sanpl ¥ FABLIEaUR LR YOLh8e sHsd third switched capacitor neans

i ncl udes second input signal |level storing means for storing the negative

of the level of said led input valtage -V. in 4 ACMOS. |limter as in
FREGE e

. A_C imiter ds in C w .
claim3 wherern: sai cond: swi tche paci imeans further includes

first input swesichsegpndeawitched qaes¢igiccredng fyrshet rigcbaied fimsht vol tage w
said first |t ikoRdly hexl eSL Qb IChiEANS apfYdng said input
voltage.to said first input signal level storing means} énd
" said third switched capaéitof means further iﬂclﬁdes second
input switching means for periodically applying said input signal

to said second input signal level storing means.

5,? A CMOS limiter as in claim y ﬁhérein:
said second input'signal'level'storing means comprises a MOS
precision capacitive elemént having fifst and'second plates; and
said third swiﬁchéd capacitér means'fu:tﬁer comprises:
first inverter switching means for periodically

'-cohnecting.the first plate of said capacitive element to _
ground éétential, said first plate also coupled to said -
second input swiéching means, said firSﬁ input switching
means connecting said first plate to said input voltage and
said first inverter switching means connecting said first
plate to g;ound'potentiél in alteknatinq sequence in response

ko signals:ptoduéed by sai&lsambiing control meanséﬁahd
. sécond iﬁvértér switching means for periodic&lij
cdnnectihg the sééond platé of said capacitive elemeht to
ground potéhﬁial;'éaid second pléte also gonneetéd to said
first switching means, said first switching means connecting
said second piate to said first input of said comparator and
said second inverter switching means connecting saié second
plate to ground potential in alternating sequence in response

to said signal produced by said sampling control means.



said third switched capacitor neans further incl udes second input switching
neans for periodically applying said input signal to said second i nput

signal, l evel storing neans. 5.. A CMOS linit ' i er sai d
second input si.gnal |evel storing nmeans corrprmumuum"mmﬂmn e
capaci tive el ement having first and second pl af'es® ahd %aisd third swi tched
capaci tor neans further conprises: firstl%wverter switching nmeans for
periedically connecting the first plate of said-capacitive elenent to
groundy potential, said first plate also coupled to said second input
switching neans, s&.d A pLisftelrNgditinSo¥atifls NGhdRANSsaGANNRGE] & Sdéshsf | r St
plate to said in l{[ Vol F{a@g and said fi rqst. inverter1 svxﬁtchia& means
connecting sai 8"F4% EYFSSPATS "R PER M SPtT RPN el SAARL TG Auence in
response to si gexng prpmtucicctabyleval cstoaing meansc ordspedtivedns duahel seeond
inverter sw tCQLrPﬁg DBARS f Qe PEldeR@ical | y connecting the second plate of
said capacitive e Erent o groung pot'ential, said second plate al so
connected to said first switching neans, said first swtching neans
connecting said seqond, RhR{@ rt £ SAi AalihSt whdtRih QfiaSAiAeCOHEIEA R and

sai d -second inverter swi tching nmeans connecting, said second plate to ground
potential in afPRnavitshiceggamtarPply satdhdneyr sionadi ke SdAdi55F dced by
sai d sanpl i ng ee¢dndoinpiRagsiignal levél Btorify méadsi, Nidspecetreln, Glualing kheherei n
said first andsseecogd oidqgutti svmrgtcpiarlg means apply said input signal to said
first and secofid i ﬁ’pﬁ Si gnét"le Tevér®stor i ng neans, respectively, during the
sanme periodic time interval. 7. Alimter as in claim4 wherein said first
andsecond input s\ tching; fIRals ;APPlAnSBF Gné AR sa3b0B8RIp1 M $BhE:Hi st and
second input signal |evel storing nmeans, respectively, (§>ur| ng the sane
periodic time MPARS $2FLUd8S:-A |initer as in claim4 wherein said sanpling
control neans i ncldédestios eddietbbD metM)! EOSpoRBARS to IRIPOSULPUE dfOssad d out put
Of- said voltage comparator, for producing first and second control

signals, the production of said first control signal and the
production of said second control sigﬁal being mutually exclusive;
first selection switching means, responsive to said first
control signal, for applying the signal stored by said first
input signal level storing means in circuit with the second input
of the voltage comparator; and _
second selection switching means, responsive to said second
control signal, for applying the signal stored by said second
\ input signal level storing means in circuit with the second input

of the voltage comparator.



vol t age corrparator, for producing first and second control signals, the
production of—sal a fiTst control signal and the production of said second

c nt rol s; gn exclusive; first selection swtching means,
're po (a)u nlﬂcl m signal, for applying the signal stored by
dut sl

sad anlever' storln means in circuit wwth the second

I nput of the vol tage conpar at or; and<t€cond sel ection sw tchi ng neans,
f\espon5| ve to said second control si gnal, for applying the signal stored by
shi d second i nput signal level storing neans in circuit with the seconou

i nput of the vodtagq inordRLatlQ claim 82Qmeleins limter as in claim8
wherein; said sanpling control neans further includes neans for producing a

sanpl i ng cont riAi9s$FRALNG SAPEF R aRATENE EHAE riFludegnBranspRs fyi ng the
periodic tlplﬂdedlh@H/%EﬁpﬂlA@I&&t‘t\Bl céaqsaj dsdia sampa.adg Smersl sigHaly switching
means apply _saj yt signal |evel

storing rrezfﬁgmﬁgég g‘?l‘?fél ?91 ﬁdmesil"&e'svéllécq‘ﬁrbﬁg d'g‘hf'? cﬁ‘“ﬁeﬁ A8t incl udes
means respeandiseeohd inputd ssdngHingomeannt applly sSajdaingudrsigmbl ng saisd first and

sai d secong, 99@% 'se% ngrwsﬁgnhh‘ieb V%Eéﬁnpfnéngkg :Se%g?éuﬂg gontrol

signal to preven sal ng-control signa one J()"fl rst and
second con®@prd| signals from bei ng produced si nmul taneously. 10. Alimter

as in claim9 gher&dicefid cSAHNI MdhnS Oflc GdedTRaNs kéddASiveL @EPT i SES: Cl ock
generator .nmeans for producing a periodic clock signal; and sequential |ogic

neans, resﬁéhgls\?@"’t’d‘gs%‘?'&‘ﬂo?t}lﬂ"%} A1 925HpI 15918 He *SF APl Stkdoduced by sai d
conpar at or ;se&end pbmdmmmnsas Ghi@btynat 1megaalofaashdsamﬁbﬁm§ Sdon@¥yl second
control si an tcI ud‘!| ng sunmi ng \/

means, conne%?alsiné" eae?ti rssat“; sama%r? &7 J’r?g]s‘ na af"ch"e"c? Cafititor neans
t oget her, ffarstsandi segOMQootr@asdgr@tlermmvmmgwd\fceﬂ and

simultaneously.

10.. A limiter as in claim 9 wherein said sampling control
means further comprises: -
clock generator means for producing a periodic clock sigﬁal;
and '
sequential logic means, responsive to said clock signal and
to the signal produced by said comparator, for producing said

output signal and said first and second control signals.

11. A limiter as in claim 1 ‘- further including summing - o’
means, connecting said first, second and third switched capacitor
- means together, for summing one of said stored voltages Vin and
--vin with said stored limiting voltage vlim'
12. A limiter as in claim 1 wherein said offset switch
means connects the output and the second input of said voltage
comparator together during an interval when said limiting voltage

is sampled by said first switched capacitor means. .

13. A limiter as in claim 1 wherein said first input of the

voltage comparator is connected to ground potential.



[err] wi'th said stored Irnrtrng voltage [err] 12. 12, A li miter—as—in claim1l
wherein said of fset switch means connects the rﬂ second nput
ofr sai d vol tage conparator together during an ,’mm mm d | | i ng
voltage is sanpled by said first swtched capacit of nearms A Iru effas
in clairml wherein said frrst |nput of 13e_voltage conparator |s connect ed

to ground potential. limter, responsive to an input
si gnal of varyer-aan|@uggosfbrmeBHucFﬁgpaﬁséﬁﬁpGP 3anghBPuURhiSdéBnakanges
bet weeg..at | easgr fvafr%ilrﬁg‘lfhn&ﬂlme eVied 15 g dutSutyasigngi the

anpl i tude of sard I n nal excee eterm ned reference |eve

said limter cdfip 'P%%ﬁrfﬁ‘?qﬂbe s ]f?ﬁgfsaﬁr’p‘l'?fnga%%r ?ie??l‘ﬂ)‘?rtlﬂﬁ%%l

fsarrpl ing and i natesrt |1m;e repesel i tog m‘m)é o) el ampritudg SAisaidput si gnal ,
irst swt | ng

o) id 0, s' ey 10 foy _selecting
sai d sanpl I np ﬁgibég?%ﬁﬁ%r rﬁﬁeéggﬁéﬂe %*%%ﬁ%%ﬁ %f rd first
| evel and for saﬁ:ettlmm obomnxeramtsasmﬁmbhngrmnamgm smnlsagd out put
signal is prod M ST said
sel ect ed si gnal anopﬁﬂar d %r edet er m necf%len%‘edr]glnc gﬁnil\'/l;e t{l?)get hgg to
produce a summﬁﬁ@ﬂkﬁﬂﬂ andi iy er ponarsaild inentoresrahy nBbRSt connected
to receive sai ChyeidEHhS igds, fr‘lésé‘&?é‘ﬁr}é‘gté %i@thmtseignayt put signal

in responseto ai d oIarrt% of said sunred #&
limiter as i% % rifede et |§?¥$N§F49¥ﬁ46%“? n%%d%??%e§al9eference
si.gnal |evel stcnxtimg: rsa:agma]f ofs resduged het | vpd pirsti Depebdehér m ned

e Seenee 2o i AR A G0 R FFEOS L0k ek B Liaapp! Vim0 ool

when sald output signal is produced at said second
level; summing means for summing said selected signal

15 and said predetermined reference level together to
produce a summed signal having a polarity; and
comparing means, connected to receive said summed
signal, for changing the level of said output signal
in response to said polarity of said summed signal.

20 _
15. A CMOS limiter as in claim 14 wherein said
limiter fufther comprises:
reference signal level storing means for
W storing the level of said predetermined reference

25 level;

' second switching means for periodically
applying said predetermined reference level to said
reference signal level storing means; and

summing node megns, connecting said first
30 switching means and said second switching means to
said reference signal level storing means, for
producing a signal level proportional to the difference
between said selected signal and said stored predeter-
mined reference level.



ref_erencet_S_ia%rEI_Legvgl_.sLoi—i—ng means; and summi ng node neéans, connecting
said firs swi tchi ng neans, and said second switching neans.to said .
refer@ “M“‘H&‘Mng means, for producing a signal level

pr opo ongl\“mn 3 ce between said sel ected signal and said stor ed
predeter- mned réf eftende Tevel . -22- 16 ACMCS limter as in claim15
wherein said first and said secondsw tching neans alternately apply said
sel ected signal and said predetermned reference |level, respectively, ta
™sai d sunming node neans. 17 . A CMOS liniter as in clai'm 16 wher ei n: @i d

first sw tchlé_g means includes neans for producing a sanpling control
signal , sai d'@anptifgSchimicet asi imallatpd vherain t99dd plieisdding time interval s

during whigheSalclnd isk3tcig REGANG teBRite 15 Wdet P M aNBARS PPl Yy sai d input
signal to said first and sécond input signhal |evel storing neans,

respecti vellgnalignd seN@Prqdsredringd feAeRanar niersl wFesReGF iyatiy &®npari ng means

further i ngliddammdsy @B8E alelapnal anplifier, responsive to said difference
signal, for producing a signal when said difference signal exceeds a
second predetermined reference level. 19 A CMOS | imter as in claim18
wher ei n sai dT'Fsumr@xoaonﬂnmars imcilades bnemreifor subtract i ng a signal

proporti onal Lo 4 pg gtn \61tc‘ﬂ gﬁt V. Iﬁggj egfmesa%dcq(%p?;oad&'ggﬁera.rrpl ifier from

sai d sel ected S|gn as I n ein said
second pr es@pbing pentrodf sigoate sadéd clamplingr epntdoptignel @pecifying A CMOS

limter asiyeNp&didhil k8n¥heetthisaast inQMAE G 18EANS f 4Hd Qgcfongorrprl Ses:
cl ock generator means for producing a periodic_clock signal; and sequentlal

| ogi ¢ meandiPuF P EHINGem 45 Ss AR CPHICKk LaRYGnEIInRA E} Gafﬁéléfbﬁ&P produced b
sai d oper adecoRdlinpePlsifh&T ,1ebér spéﬂﬂ*;cmmssaedpm;pulysl gnal and for

controlllng said first
18 . A CMOS limiter as in claim.17 wherein said comparing
means further includes an dperational amplifier, responsive to
said difference signal, for producing a signal when said

difference signal exceeds a second predetermined reference level.

19. A CMOS limiter as in claim 18 wherein said summing node -
means includes means for subtracting a signal proportional to the
input offset voltage of said operational amplifier from said

selected signal.

20 . A CMOS limiter as in claim 18 wherein said second

predetermined reference level is ground potential.

21 . A CMOS limiter as in claim 18 wherein said comparing
means further comprises:
a clock generator means for producing a periodic clock.
signal; and
- sequential logic means, responsive to said clock signal and
- to the signal produced by said operational amplifier, for
producing said output signal and for controlling said first
switching means to select one of said sampled input signal and
said inverted sampled input signal.



SWItChI ng means to sel ect one of said sarrplgﬂw ut si gnal and said

inverted sanpled input signal. -23- 22 lﬁuﬂ lintergm h
hysteresis conprising: an operational. anpli one gr gd

i nput, one signal input and one output; a first capacitbr 1138) connect’ed
at one -end to said one signal input, g first controllable switch (172)
connected across said output and signh p- i nput of the operational anplifier
ha\n\ng an offset voltage [err]and a second controllable swtch (114)
connecied betw&én-thd @POFesianad bimises qith hyptergpiticPBPri®ing summi ng node

and a liniting rgf@penaonel tangei dikr {138RiHdviad Bhe YrBuARBODSbUEONYAEO! | abl e
swtches (172, 114), being_sinultaneously operable to store a reference

vol t age [err]s’r%?los‘gp‘é%u drenesPutPSacitor; a second capacitor (118) having
one end groundeda mdtldasaoi&mr (x38q cmmt-etddl ablopecarinectmddtanesai d sunmm ng

node through & hal idesenty PLLAPLE S {6l (TR, ARE5HRERdReh SBOLR1 11 Y

connect said Tir's 's8cONd "capac) in-ser i nput of
sai d oper at i ossid wqphtfar@rfal%atlh;mtc@ﬁp&he tOtDErf(tlQ@él havllrfgeorh@vermd

control | abl y wggfggdv&meuw 3 B AOATLEALIANO SULLER (137) and 1 ts

ot her end contr gr oundEd t controll able switch (124),
its said one ‘é?me‘a‘f% PeNeRD TenerlnL a'lﬂ of ctrifetirsl 9apasHY &Mni ng node

through a si éﬁdhmezfggltnbeélaahle ﬁ\ﬁ«lﬁiﬁ-lahéél%‘i)emesabrhaqarmr endnaffﬂzlble Elecond
capaci tor and sai e thir ac ntro y
connected to ¥ 'iﬁi‘rf] %‘f'ﬁﬁﬁ&i}’gﬁ%{‘déc?“rﬁ gﬁ'g"’n y@e%’rﬂghgb% FPUI%MEDT e swit ch
(116, 120); aepjerebni tol storans redarsnct atbltagd Iv taco«bssaadi operational -
anpl¥tier and tr%r.d;?a QCQI said controll able sw %ches for causing said first,

second, fourtﬁ1 eventh controllable switches to operate sinultaneously
and i n synchr onoassesond apet Bissi hil8) i hawing cingt ershopPyndefs Rréhidksal t er nat e

ope[ a i ons of o@el:Néa GG oAV LEhyOkordddEedd kbNsa2Bsutin¥Ad) no@8ehPblqRlL €
swtenes. third controllable switch (132) operable to temporarily connect

said first and second capacitors in se;ies with the signal input
of said operational amélifie:;

a third capacitor (126) having one end controllably grounded
through a fourth controllable switch (122) and its other end
controllably grounded through a-fifth controllable switch (124},
its said one end also being controllably connected to said
summing node through a sixth controllable switch (134);

said other end of the second capacitor and said one end of

\EZ' the third capacitor being controllébly connected to an input
. signal voltage through a seventh controllable switch {116, 120);
and

control means connected to the output of said operational
amplifier and to each of said controllable switches for causing
said first, second, fourth and seventh controllable switches to
operate simultaneocusly and in synchronous non-overlapping timed
relationship with the alternate operations of either the third or
the fifth and sixth controllable switches.



23. A CMOSTimiter as in claim22 wherein said seventh controllable switch’

conpri ses. a rollable switch (116) and a second input .
contr mmﬁllltmwmmu first end of said first and second input «
contr b e*SWe et commwnl y connected to said input signal vol tage, the
other end of said first input controllable switch connected to said other
end of said second capacitor, t T4t her end of said second I nput

\control | abl e switch connected to said cther end of said third capacit Of.

lsaid first and second i-nput controllable switches operating sinmultaneowdy

pin said fhiest, 86g0ch@Rde{ QU L SO £8IiARL Whd LGRae 24 - A OMOS

limter as in cl al m erein _sal control neans conprises: clock
gener at or aeebredlpble sybiicrempraspeai biist thrvskeantgablableagyiltemg control | er

means, resegfiaug 4 %eé@ddj Lﬁi:tﬁCKoﬂ:g’ﬂﬂblef ancmw@i%b NG %dg{ ghaand a second
non- overl appi n%f contro said first control signal operating said

first, se@ndel Sh"rst‘ha%(feg‘é%ﬁPPPtcSﬂT'r‘BH%Pd‘FeS‘é\ﬁFP%’néQWVSal d second

cont r ol SicpRadcrepetaish g inghd sighdlh venge pldnabbenesvedabe ddiast  gating
anplifier and to said

means, responsiyve to ut .of said operatiqnal [
first cont 6F‘§|"5H%|°°“€6°§16$%‘§68f?fé‘ SONEGH “RnTA QSR \‘R?th a change in
sai d out putaidfsesandl caparitior prile atheli dridepf Galif sdeend simpdt second cont r ol

signal is I L\ c e d of said
operat | onaélgm %xgiﬁe‘%wgﬁ% géx%ﬁ%?ggtgllgt g?\%l év%g)rtl‘t é%dg %']l%&st control
si gnal §apﬁ@§em -sajdf finstf ansh secamd) incwe damseelliabletswikches connected to

sai d si gnaipepsmucgﬁum&%wlj WiH s98d #1951 3BEond BRa fdouPed | OP changing | -
state when the S|gnal produced by said fi rst gati ng means changes, said °

f1ip-flop WabTHdabis SritaeSsecond conpl enentary outputs; and second gating
means for gati ng each of said first and second out puts of said flip-flop

with said fi g naI salg arzgdf I rst ouytput operating said
third contro abI g% tlc’ﬁn §€1la(§ b’ét ag%eco delvids b1 o‘ﬁ’é’Fé } ﬂ'@a%‘%u d sixth
control | aldospsisetch.

' clock generator means for producing a periodic clock signal;

sampling controller means, tesponéive to said clock signal,
for producing a first and a second non-overlapping control
signal, said first control signal operating said first, second,
fourth and seventh controllable switches and said second control
signal operating said fifth controllable switch;

first gating means, responsive to said output of said
operational amplifier and to said first control signal, for
producing a signal which changes with a change in said output of
‘said operational amplifier only when said second control signal
"is not present and otherwise corresponds to the output of said
operational amplifier during the last interval when said first
control signal was present; o ' :

a flip-flop (166) the inpué of which is connected to ‘said
signal produced by said first gating means, the flip-fiop
changing state when the signal produced by said first gating’
means changes, said flip-flop having first and second
complementary outputs} and

second gating means for gating each of said first and second
outputs of said flip-flop with said first control signal, said
gated first output operating said third controllable switch, said

gated second output ope;ating said sixth controllable switch.
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-25. 25: A signal  processor conprising: a s havi ng
first and second in-puts and an output, said co Hﬂ ﬂmm ",
dif ferent ‘output states dependi ng upon which of +t S at:nﬂ
hi gher relative voltage, said first input adapted to be connected to
ref erence signal point a first storing.pgans for storlng a sanpl e of a
limting signalzgl %i a second storage nmeans for storing a
sanpl e of input<2fgnal ﬁ15¥aﬁhpF8°§P3P£g§°ﬁ@5&§ ‘storing an inverted
sanpléﬁgf the input sigealsignedt compajrertor &adisgflimg ot rsEcoreins

e

coupl eT to sai dsRuhpytahd gh bUERSEINaLs AOUBALAREL oA flaknBkflel ' TSt,

second and thir orage neans er na connecting sald first
and second or séiﬂfﬁrﬁst endipuhi ptlatear dgpendang hpooi wbdich mfthtshe second

input of the sigRghtsOTRaAR! Bhedfi ﬁSP'P@ﬁaEQanUSQtEQQ 29a§hg@ibst

conparator output to assume a first output state when Vin and Viimare of a
first combinati 8APBE PERAELH| £ BRJcPBngsEAfdety §e66ﬁ&r§P&Fesﬂﬁéﬁ1V'n and
Mlimare of a sggpn€;conbination of polarities. 25 26. A si gnal

processor progranmmed to respond to gn input si of varyin it de
for producing an out put aseflﬁd'ﬁ'flq" \ﬂ’h%ﬂ%é&@é’? lfg’t’ GPrding @a%"f‘ﬁ')%to
second | evel s whebinbeia@sslighalvil 3 of an anplitude of said input S|gnal

exceeds a p{@determ ned 3%ec% r%rl leév‘i}e’a %alf%rp %%%%%C?CI g ItSé ng;

sanpl i ng means for sanpl SAld sanp I ng nmeans
for sanpling andeﬁUButlﬁgSB&idvhﬂput 5|gnal "first smntchlng means,

responsi ve to said outpyl ¢y Gira e estlsL FrN G 7 1h S WP S dvuY
J sample of the input signal, that is "vin’ and

sampling control means coupled to said output
15 of the signal comparator and to said first, second
and third storage means for alternately connecting
either said first and second or said first and
third storage means in circuit with the second input
of the signal comparator as required to cause the
20 signal comparator output to assume a first output
state when.Vin and Vlim
of polarities and to assume a second state when V,

are of a first combination
and vlim are of a second combination of polarities.

\J 25 26. a signal'processor programmed to respond to
an input signal of varying amplitude, for producing
an output signal which changes between at least firét
and second levels when the absolute value of an
amplitude of said input signal exceeds a predetermined
30 reference level, said processor comprising;
sampling means for sampling said input signal;
sampling and inverting means for sampling and
inverting said input signal;
_ first switching means, responsive to said output
35 signal, for selecting said sampled input signal when



-26- said od?ﬁﬁ?‘§?gﬁaL~Ls\QL9gpced at said first level dnd for selecting

sai d inverte |nput signal when said output signal is produced at
said nd ﬁq summi ng neans for summ ng said selected
si gnal =#nd saFd pr ”ﬂ" reference | evel to produce a sumred signal
havi ng a polarity, cdnpari ng near connected to receive said sumed

signal, for changlng the | evel of saidoutput 10 signal in response to
sai d poIarls;idfoaapdtssugadlsngn@rodnied at Aaﬁﬂtﬁﬁ&s&oﬂq&mﬂdu0|ng an e

output si gnghg rarrsaggeﬁn&os@w 1RYErtedn3bndl A IANE YMdAI0C, 156

whi ch out pu anges between at |ea rst and 3%vel s when
t he absolutﬁhﬁalaéléfopﬁéu&npﬂsmédeléfPfaﬂucﬁﬂpaﬁ §ﬁgmmsaﬂum@eds a |
predet erm nedyggterence level, conprising the steps of © produci ng an out put

si gnal gt one of 'said first and second | evel s; sanpling said input
signal ;2 sanpling a¥AmiRg Meaps A ishning g??ai}d selertedSignal sanpl ed

i nput S gnahnu/nealaapdeaeu:euhmlegn@leﬂes-eﬂb@dqe%lattosglr@d{wcretsta l eve:
out put signal is

sel ecting said inverted n nal en sa
produced at EQPSQ §1§8§3ngneé9gl Eﬁhﬁfﬁg Ygaf®%el ected signal and said
pr edet er m ned referemmpdning MQEnEJEHoﬁanﬁeﬂhﬂﬁéEBGREVEK&Si@naI havi ng a

polarity; a n he % | ut Si I se to said
pol arit ofgggﬁga g%gg 14 ? %h@%g}%ﬁ Qh% A%ne}hogn%ﬁ proce sﬁgg signal s
conprisY%g shansilepn Oﬁspoapplypngaadr@béaenee gﬂymﬂidx§wmﬂedst i nput of a
si gnal conpgkghQi having first and second inputs and an output, said
conparator having two differ- 35 ent output states dependi ng upon MhIChKED
its inputs

27. A method for producing an output 51gnal, in
response to an input signal of varying amplitude,

15 which output signal changes between at least first
and second levels when the absolute value of the
amplitude of said input signal exceeds a predetermined
reference level, comprising the steps of: producing
an output signal at one of said first and second levels;

20 sampling said input signal; sampling and inverting
said input signal; selecting said sampled input
signal when said output signal is produced at said
first level; selecting said inverted sampled input
signal when said output signal is produced at said

25 second level; summing said selected signal and said

predetermined reference level together to produce a

summed signal having'a”polarity; and changing the

level of said output signal in response to said

polarity of said summed 81gnal. '

30 '
28. A method of processing signals comprising the
steps of: applying a reference signal to a first
input of a signal comparétor having first and second
inputs and an output, said comparator having two differ-

35 ent output states depending upon which of its inputs



-27- i$ at the highef relative voltage; storing a sanple of a limting
signal Mim storing a sanple of an-input sig n inver
sanpl e of  the input signal, that is [err] and al mumlﬂ"lmmm ﬂlﬁnectl n

ei t her (a) said stored sanple of said I|n1t|ng si‘gnél

Vit ahd *sai d stored
sanpl e of said input signal Vin or (b) sand stored sanple of said limting

nal

-Vin in

\

signal VIimand said,stored. inver of said.in
circuit with safd? eegﬁdﬁgé ernﬁﬁﬁ gﬁv§a|8i§ﬁéﬁal 8&Rp P&tﬁr égpﬁéqU|red to

caus the si gnafF golpmising stikpal v§tassurrstarﬁngsh suhplie 8fate when Vin

and imare of a, f|r ngtion olariti es_an
out put state mﬁgn19 aﬁaggghn?ané o] B

oP2nR Rh' EvErHsb sRRRLL;

pol arities. the input sighal, that is 'Vln’ and alternating

5 connecting either (a) said stored sample of said

% second

limiting signal vlim and said stored sample of said

input signal Vin or (b) said stored sample of said

limiting signal vlim and said stored inverted sample

of said input signal 'vin in circuit with said second

10 input of said signal comparator as required to cause

the signal comparator output to assume a first output

N state when Vin and vlim

of polarities and to assume a second output state

when Vin and Vlim are of a second combination of

15 polarities.

are of a first combination



