;e3e=}L=z| 46TLMJwo | rcTi noaroaso9 1b6166" METHOD AND APPARATUS FOR A
‘GATED OSCI LLATOR 11V DIG TAL CI RCU T OF THE | NVENTI ON 5 The
present i woe0a2481 rel ates to oscill aHI mm“\re parti cutcaiBpobesogat ed
oscillators. Oscillators have a w de ranﬂgS of uses, For exanple,

nzi er opr oaessar operation is synchronize by the periodic timng signals
provided by an oscillator. Digital tachoneters and digital speedonetera in
an autonobile require a precision 10 reference to provide accurate

read-outs, MedMETHEODKNDSAPPARATUS FOR'A GATED OSCILICATOR IN! se
generator to ensure proper rhyt hp@ﬁéﬂl&ﬁim the heart. A gated
start’s or stops o

oscillator is an oscillsttor tha scillating by an
enabling signal In a conventional gated oscillator, such as the one

disclosed in U S. Pat. No. Aﬂgﬁﬁﬁ’kmmﬁthg produced by
a

periodically charging and discharging a 15 capacitor between first and
second valtage | evel s Thagresentanvention felatasito psiliators krdimote particularlyfiogateded,
the oscillations, are stopped by preventing the capacitor fromperiodically
char gi ng ancPsﬁlﬂg‘i?FFar ging, Let the first voltage | evel be |ower than the

second vol tage |evel . QgillafR¢ Raved widle BXES 6f tbs, RorlexdmpleSattr@ireskaatirt h t he
capacitor, then the capacitor will goptinue to 24 di,scharge past the first
xéﬁﬁiﬁtw

vol tage | eveqpetaéimmml&ronié%?y the meriodds timing %PGJP&E’ %cwé@ﬂ lation is
stopped. VAGHighBidadickdfbl oibft SpARbiRGorsdn Bk ahOLIRTRTe PhrcblulBf | S needed
ower p y voltage to

to charge the~Capacitor from ower §ugg e tllcst
vol t age 10ev elefesande tapnovide atdueate sadvoutsy dMadicgbdavioes sychals presumakarsaequiitel aat or y

behavi or ensues,., The del ay, ife charging.the. L& Qr the | ower power
supply vol ta{fg“?‘i?p[“ffg gﬂm?ré T anﬁlg@ggqugrgyﬁgggggﬁ@géo ?fé‘{‘?ﬂ%ﬂ’ pul se in the
pul se train to be W deg ghtodBsdiliforie s o@ﬂlatdﬂmamthﬂe&sﬂhio%piﬂﬁﬁﬁ% by £
undesirabl e in applications which require_and expect pregletah e pul se

wi dt hs. The enabling signel bin asernventionplgated oseiflate; such gsfth sedosed in UiSy Pats
added to pr c by ' hs boi f ge

fovel | Thi o) NGk A SRAGLAL ort bROLHaYIATIGDAL AR et Bld €07,
circuitrys 3eaphiitoetetwgen fitsh bud sectial wltapmigvalpphécthe osnillatonisdnapiledal If itiis cui t s.
In an articl titled s Gated oscill,ator enul ates a.fli.p-flop... published
in the Mar ch‘%i"g’?"f@é‘ﬁ o iglg%on&ar PRA %Bf%%“%é?’&a‘%sﬂ@a“{%?f‘)’m éﬁ’@?’%ﬁ’f cuit is
descri bed i nclardihd ghd disghag@ilf, i guration. In another article entitled

"Oscillator neets three requirenents,” published in thg cepbe
CONFI RVATI ON| GOPY * G0t $he Hrsteliag kel e ﬂegbﬂ %@Bbwgt,%se ok, JEthereor EDN

Magazine, a QafeehpSEd iﬂéf{as%pcihéd qﬁtﬁ?§é &ﬁ&i&ﬂ&h&ﬁ&ﬁe 'bd[ibﬁ&kd}%u%}%& Helto @S the
cl ocking source in a di al appl'i cat1 oh. esign that can be used as a
gat ed os20 | | dischargepastithe ficst eoltaga ldveRowRaltthe Mwer owea3pilg voltagetwhendlsri ng of

e m xed ai OPHEER insurrped Sihen e ATer s 3hEo 2 Baeih gl oty pesdsd | °"
therefore reguhigd thecapeffol Hom loWer powr: Sﬁ;?ma%ﬂﬁagd’to&hﬂ'ﬁﬁt vbltazedevebshd then
oscillator cij rﬁw t can be built axing an_  AND

| ogi,c gate. ,ﬁ{} enahl e signal
is applied t® thheecond yoltage lovah whereupgnpsalliatgry ’P‘?%gﬁﬁ's'gﬁ"%se fiia¥dn osci I | at or
lied ' | d
I's applie téha?gus?g %Qgéacﬁt‘éfﬁ&ﬂ@ﬁe lo»;bgﬁ%&b% ﬁﬂ;lﬂ&ﬁggﬁfﬂxb ﬁ?st%ﬁég{quvegat e

oscillations T lor art gat tor requires an external
conti nuoZ® f cansesrthenfirshpulessinithe prtler tralmtopreokiderthad thi reshobthd pulsesa This ernor is

inability of the enable signal to, synchronize wth the free,runnin

osci | | ator, %?rﬁ%wpﬁ@%f”ﬂﬂ@b’@? ﬁ%ﬂ'igf an WE{W’S‘?‘{?G‘&@?)PW@? wb‘{@’o P‘é’m%@rt hat
the free runging sgsﬁaﬂdaﬁg'c&mecftmeSxﬁemtcﬁn@qyma tPpravait the capRdidr fbm! he
gated oscillataor qutput Yet another is that the free running oscillator is

continual |y pisharsiag passthefisetryoltpge 19wl.ohis, of cayrah ducreases thagomplexity of the
Consequent | ygatEch@sroﬂlaito"} Momegessary consunption of power.

30 Gated oscillators have many applications in digital circuits. In an article
entitled “Gated oscillator emulates a flip-flop,” published in the March 16, 1995 issue of
EDN Magazine, a gated oscillator clrcuit is described in a flip-flop configuration. In

another article entitled “Oscillator meets three requirements,” published in the December
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*G00002*



There is a need, therefore, for digital circuit design using a gated
oscillator circuit which requires reduced support circuitry, It is
desirable to provide a design which is energy efficient. There is a need
for a desigpMii@gl can provide a tunable oscillation fregegRgiosie’ e is a
further for a design that can provide a tunable duty cycle of the 20
oscillation. it is also desirable-that the design has an ability to
synchroni ze t he onset of OSC|IIatory behavior with the enabl e signal.
SUMVARY OR THE 1598MERNE bR m&gam.si alpREd GOIMEI0AL dORind féﬁ&ewclaomﬁbﬁ@s'
circuit inclu es rOV|d|n S circuit haring a variabl e operating point.
The circuit i'8¢es @B‘&#\%Pé‘fﬁaﬁf’ﬁ'nctl on characterized by having an

unstagl e Ogleratl ng regAQﬁs:E@ﬂmﬁﬂﬁbﬂse&aJdga&Hoﬁ%&%r@s&@&é@laliﬁmsrl%'w and a
second stabl e tin rcuit uces 0Osc atory out put
when its oper n‘&g 9“‘?0 ‘?ﬁﬂfélﬂs i?eﬁfg& %R%&%PW@QF apf) o gated tedui t
produces as Nogyilled dré M Xt tReIEIRMI's \ﬁ/mgm 'A"(i&itl@:ﬂ%ﬂﬁrhﬁl@u@&lhﬂis theeBfedCed into
either of the first and second 30 stable regions. The nethod further

i ncl udes f or cleAYregRseppratedha g sisBilht into the unstabl e region to produce
oscillatory output. Thﬁs)liﬁélﬂﬁgngtéﬂ&sélﬁito:'c'ﬂ%x%ﬁ%ehﬂ[t%xﬂ@aﬁhﬁ]ﬂgﬁﬁi&tb”9 DO' nt

into one of the stable regions ins order to termnate ascillation
gated oscil | afn pnablersigpkis pppliad togye akitseeriivaly and,a contipuons fisp W@B@&é‘éﬂt@t

circuit havin Hel b ethef thnidl, [kg,gd 5 tRE\ddd i region
bounded bg Qaﬁp V\D?d(;?/ 82518I PCT?“%OO]%O 09 f| rst st %Wd%s&gftgoﬁ n'gﬂsr egi on
and by a @coW‘ﬁ@B@@“@H@MHQﬁ’Q"Sr‘"EQl‘t@)’ﬁﬂl W@U?wé#?smnkma@ ftoth Adef i nes a
set of operat heﬂleﬂ%ﬂhttﬁts dddig i ihe Sability oF tRAMEGeraPloRMRMMEze Wfhithd £e0T Y

out put when t operating point is_positioned in the unstable reg| on. The

circuit is fufnpag oxiisirdhusnsodyring indetennippimbobavden Azpthes preblemp ds thaftlen it s
operating poi fie ffniRPSdillafRtkek m&ﬁ&h&%a aﬁtybf.ﬂe 5ﬂtﬁ§éat&fdsﬁll§t€f3&§ﬂ:tt Sf) ?bge

regi ons. A function generator) s€l ectively produces an out

first |evel a‘ri(elteaﬁﬂxe'amatth@freeerus@mﬂaﬂﬁ*evlepomlguvilamnm gvenwhenther cuit as an
I nput si I | g i on when
thg func'? :i gn 8%19%? %@%r@}gmageudp@oﬂﬁegh&ﬂ%%ﬁ?igg{nﬂké%\s/&r? go#ﬁﬁ%@f{ﬂ ﬁ(igs cal |l ed
an enabl e signal. The dperindneed. Mqﬁnreufgr%ﬁab@wd@swmmg@fgateﬂesosﬂaam e

regi ons_when Emtmwre@m%m%@s or?éﬁcm;‘(gb 1Kidsia b«?‘fm'p}&w&ea%sh Rput

level . This level is referred e sig Consequefitly) the

i nvention reqisieresgy efficipnt Therg i needifor »Aesten Véuiphewamogids FQW&WG Piﬂilbﬂalbl e
oscillations fbquandl TRBSs PR ora el BB FoRBEA hhitlé B oy cycw&mawent Ive

circuit is advant ageous Int ons start an
subst ant i &P| yoscHlstiemtlbiselsa dbsjrabler hat the dgsisn has anabibitst terswhmwwmnm ef ON and

OFF state of advantage is that the period of the
first cycle o gglsag)ﬁﬁég'%?%ﬁ&l u@?%&@gﬁig@f period is the sane as the
subsequent cycles in that ON period. There is no need for additional
supporting circuit elenments or Iﬁmlﬁl lqﬁrgnfr mai nt ai ni ng st andby

| evels in the capacitor. The CSI rcul d%ggf{%o rqu?l\rre any external free
runni ng oscillation. Thenethedr genviating puéseeinatdisital drcyitincludes grovddingpn  when
Ly g0er 28y, L SRRk Aol "Bl Mk PUPE Sl RURRIT O 20
the circuit cdmacgumthydxavmm ensta le@y@a@gamm‘mnﬁeﬂéma&mwm opsatingl at i on
can be varied t not
overT appi ng wERAERER KRERPRRIC irBlniflBbn. 1 bbbl ibefly Gt wheh T}
rtlaqgl rﬁd tﬁ sspwemtmgpmemmswﬂmmmmemnme utuﬁomﬂm Fi gs 1A
- show how, sgﬁg i

conventi onal c%chﬁkog% RVhIE Nﬁ]}rcgﬁl%E@gsﬂﬁhﬁgdwc‘m&e&“fﬁqﬁfgﬁlg%es general |y
the transf@r sablersgions. oThcan%hqdcfunther ims!@dlemfwcinggﬂg owbhrarmmimto thgongmblp. 3

| lustrates SERemalhemld: bl bhibi, %éﬁé‘;%‘d‘ﬁﬂﬁerﬁxfblud@@fo?du{k&hé cfHRET 8L i ng
poi nt between stable and unstabl e regions. npl e

circuit confi BUirkptosneof the gelderegiancia ozdemtqwtam@muoam

A gated oscillator cireuit in accordance with the invention includes &

circuit having a transfer function defined by an unstable operating region bounded by a

2



WO 01/82481 PCT/1B00/ 00509 Fig. 7 illustrates neasurenents taken from a
circuit constructed inn accordance wth the invention. DESCRI hTI ON dF THE
SPECI FI C LMBObuv)~N fS Referring to Fig. 1 A a typical digital circuit

such as thegdifsustrated dual slope anal og-to-digital cony@shBéodoseshown, Va
is a referenced voltage and VA is an anal og voltage to be converted to a
digital representation. The output of |zttegrator 110 is an anal 0g wavef orm
that contains information of the anplitude of Vn with respect to 'V~. A
conpar at or tfmﬁt st‘a@l’é\b@éﬂaﬁné fRpSn aﬁmtmsemafabreropmmmgm.ammﬁﬂal end AND
gate 10 conbl ’8§ ?qg}z tha recei ves. ap, ext e nal Ckl n gogﬁl t oget her

produce a gat 5 fR BEFF%E‘@PP‘“TA f‘Eﬁ"?t('.ﬁ'?d\?%tg forgi g, 1~

shows how a gsffelwR& e bﬁ&arngjpe&t 1s@oﬁﬁ@ﬁadﬁmmmbldh@&e ’nieaﬁ&ﬁ{t isifwaRnt i on
can be used to rg(fl ace, t he oonv nt| or cal d cI E‘g“ erat on,pircuit 112
of convent i orfERPIET igiRFeduce f perpseylatorgouipi °‘? Qéﬁ%”r‘ edin ¢ he al eck

i nput of Nost  cfherCaThesitit 208 8dcosld gwlaiegmmr wﬂ‘mamﬁgmmrﬁwmn Beléetivélpe gat ed
oscillator circuiit of the i nvent uSSi whi.ch, fqll ows
w1 focus onPto¥ides #hAuiE ofa Fetle quae%n huf? Jevelis amtpﬂ%foahe@rs

circuits encqmﬁﬁpuasigﬁa@emmm@épmn& foﬁo%ﬂlrﬂ@ﬁw uidtsbld RpAWHeRtes t herefore
not limted to any one particul ar d| golﬁ; rcullpa!f\égt her, the |nvention

rel ates to difynetion generaton Quipuh st thg A0 grabla shgnabieunct i on
provi ded by t&fm%h§ gahém ?&céahﬁ:sloﬁwﬁhmﬁm fagﬁhpwhenﬁﬁé RhétidAGehQatbt Sbtput
gated oscillat'or citcuits in accordance ~uvith the present 7 nvention

exhi bit al r aingtitsrsesand etipvhievhdihds level saehmed g aga distbie signaly shaped
appearance. For the p“"d%ﬁ §enﬁ§v tﬁé‘ﬁ Qﬁl@é%a&ués%\é&%é@)?hcéti'aﬁof&{ ahpiber
function" of a circuit e relationsh ween any two state
vari abl es of sigml toamhiemacﬂlaﬁmroreﬁmlﬁp egnvérqgemmw esciligtiens; dhp inyentive
typically chalgg ?{a{d%ﬁﬁa#%ﬁxnﬁlgf it] cscifafidts YRR and A6 dnbBacifafly SostiBbh@lipS el N

current (1] an curves |1 ndi cat'e how one state varfiable
(e.qg., ourrcnil'bere-archahgwn@sbemndmm angh QFFestate of theypasillatas] Anethyr V) vari es.
As can be,gee f portion
V\/m ch Ii eg Fq'u élggmlg%lﬁs?&?a&ﬂc%ﬂ cgﬁgyogﬁg%n a‘gg%‘nb&? ?CF%& regi on.
~' he unst abl esmmg!smsubsewmnh@eﬂs orthatiQMperiedi Therbis noggedofor adiitionahd 30 203,

each of which_js reLn. S n be seen
in Fig. 2, po?“’tpip%'ﬂgg clfcuft en}elx; egiaﬁ"r?c’?ﬁgﬁaélﬁ}ra&gngf@ggﬂvel;ﬁl tﬁ?an t he
stabl e regi onsapaditoe.iThe airtuit dbesamquhmmw exteinl fricerunwing ogoillation. (Ths cincuit

Cranst or - unohbayad i arg cseteh s wikgu DRLO ARl it HsBlnlane o1 o)

210', and2@10jnherbitdy syﬁztmdsmzeﬁfwxﬁxhhe a'nablp lgnalf By fuaing thesitoit daramate, Sk @R 481

PCT/IBOOlOOSO d e ds,on th oft tin | on

transfor | unaf1®8 b °f‘ﬁ‘§“i?6§ t? hﬁg\l qu%m%%fg ﬁ'&&pg c:%a?"f“f‘léag‘ﬂ’(ﬁrt|on
214 of the traﬁ&ﬁmefglatcﬂbadmmanmaé oﬁtpasfﬂmhmm is ngioverlapPibg vileheubilet of
the circuit will exhi {Oanomllator ﬁ“ﬂ [??Fgﬁ t he region 204 inn
vYhich this pﬁiﬂ?ﬁl&‘ﬁlt grefopfena gdgitional cireuitig feauited 1a sepy: P8 rAferred to as an
unstable region. |If the opexating point is positioned along t he portions
216, 218 qf the transfer function t regi ons 206 and
208, the &dit put of the ci rWFﬂﬁsp@ﬂng%%w‘gétl me-varyi ng but
other vi so non- oscil | alEey] RENEUhEN oWl it IGASRIDbVIeAUMTRePRpaand 208
are referred to as stable regions, K Referr to Figs. 2 and 3, a general
confi gur at i oncogki n@a‘%‘%ﬁ‘@’ﬂﬂ%"“ﬁ@“’@ﬂ%‘ﬁ&?‘i‘@ &H nt of a cirouit is shown. The
figure shows a circuit F%’%1ﬂ1§¥%bt@9géﬁ5@rallﬁ&Hﬁraﬁ%?ér'fﬂﬁ:@loﬂ?&f4&foﬁltﬁi@dﬁnﬁiﬁé” 18nd
305. An inductive ele 304 is coupled to termnal 305. A function

gener at or 31081ld31°eoupl ed between the other end of inductive elenment 304 and
termnal 393 of ciroul tmé@?mustrﬂussscﬁaﬂmc@ﬂymrdzﬁeuaige&mtfmm.@wr dance
with the invention, clrouit 302 has a transfer functlaa which appears

N- shaped. FurPPRS?"mGrPOQhEQFW%IrSFaé@ afl pipstable EEDS nvention, circuit 302 is
characterized in that igg @Q%ra?etéxgﬂpﬂprrcﬁ@&nﬂE\Y dsfﬁi&c%ﬁ!nc@%ﬂl(iﬁe the
unst abl e regi on 204 depending on the |evel of the output Vs of function
gener at ox 310invewion. action controls the onset of oscillatory behavior, and
cessation of such oscillatory behavior, at the output Vouc of circuit 30Z
Foroing the operation point to be vn a portion of the transfer function
that lies in the unstable region 204 will,result in 20 oscillatory

behavi or. Forcing the operating point to :?I e on the transfer fhnetion found
in one ofthe stable regions 206) 20% will result in non-oscillatory

behavior. | An exannple of a circuit that exhibits the N-shaped transfer
function is azr




operation anplifier (op-anp) configured with a feedback resistor between
the op-anp output and its non-inverting input. Fig. 4 shows such a circuit
400. An op-anp 402 2~ includes a positive feedback path wherein the

op-anp's owok¥a | feeds back to its noninverting i npulpcimsoofosieback
resistor 40% having a resistance Rr. A portion of the output voltage of

op-anp 402 is provided to its inverting input. Flg) 4 shows a vol tage
dividing oircuit conprising resistors 404 and 406, having respectively
resistances R~ and RZ, Figo7 Blugtisted ntagueeidehe teken frbha clrpuitddnsrged piit back to

its invertizag ipput.,Conpleting the cirouit 30 is an inductor 410 and
function genea?"aqr%g'c Yﬁhcgﬁd'b‘feg%"“r n series between the non-lnverting input of

op-crap 402 and ground. A typical off the-shelf op-anp can be used, such as
t he commonly avail abl e - circuit having
an N shaped transfer fub&é@ﬁ@@%mﬁ%ﬁ%ﬁ@w{frcm S00
conprises ;: tunnel di onefehihd teFiglA; d tyipival digied cicunit such@s EhbliBadaftdd dual
PCT/)BOO/OOS%Z gener af o 0O thro n i nductive el ene 410..,The out put Yoa
i s taken acr &t¥ FB@?%’E"(’)‘?‘g{g%ﬁ?m'%ﬁrgs% pv ‘6?‘@%“ m‘@hﬂfﬁb“%& 8% end of

di ode 502 ancanglogoithge Tdiee donveeigdiongligital wptiesentatan Tie oatppt dfimeghatoy 10he

o var | bl e ARG PEET o P L PR or 18 applias pEYA il tpsieetlo ey ()
(2) 10 where X comphratorcthst coierts thivsalygivhvbiirmdo ad eriable sigdd] sfid AND gtedr, , 1 2 and
Functi on Ehatorbingten | PRAtane et nl dhkibeleiel dostetuatiohs Bper at i ng
function at rating

poi nt of t he Mdiﬂhti&ﬁ.ﬁitﬂuhﬁt@wﬁiolad}_ii'es*ﬂxéédﬁhtehs a cubic function Qf vari abl e x.
cquat ) one (1) and (2) P w3 bovd eied wiiipiog 1 o ieoieitp widhapmnst

vzﬁri abl es x ailﬁdeln)ioii ggﬁmtsédaek@plmﬁhcgw&nﬁnﬁl gatad clogk mgmﬂo:p&m&ﬁiit Zzz ifvari abl es
that aro common JsS .Lq aaire esipgn. Hence kh ~ =Y~ -\, (3) 20 ~nC
~~=1-~(Y) . (45onyentipoghgigual cireuits, ’g%f oy in Eig, 1€, generally, theglook inpyt.ofagst |

oapaG t or ) $#20conedntistal dipitaMchiRgan be driveibyvihe gated dstillatodcifinit Re pesent | nes. 'V,
orerng o LB HA AR B bt Pl R e i ey
setting d~ = ghdaR@od thatdiPital EebRE biRBMpdsS) wkldGarigd bf R8BS ThY Snvestfnits ~F ( ~,
respectively, i = ~(~_iﬂi¥&éhe transffr f%n_ct‘i.on,o%ﬁ%he O[i) an;s) with RE, R
and R z conbi hegefosrot li to 2Ry ppe pagicalapdigital pireuit: Rather, the invention relafes i9e seen
that transf er digi) 6B haviiy/LclddhAostifatidf himadodFuntion provided by Tt ikwif er secti on
between the lira Y .~ Y, and the curve t = ~Y(V) defines 38 t he operating

poi nt 2102%f fifrlosed hereipbelok | oser inspection of transfer function 202
defused by t = ~(V) reRrefheltddlp. 3 Q0B cHaRL birculdid aberdRod NN the YRscht OPe

(difdy>0) angvesn%%gg%bit a transfer function whose curve has a genetally N-shaped appearance.
For the purposes of the present invention, the “transfer futction” of a circuit refers to the
relationship between any two state variables of that circuit. For example, electronic

25  circuits are typically characterized by their I-V curves, the two state varlables being
current (I) and voltage (V). Such curves indicato how one state variable (e.g., current, I)
changes as the other state variable (voltage, V) varies. As can be seen in Fig. 2, a transfer
function curve 202 includes a portion which lies within a region 204, referred to herein as
an “unstable” region. The unstable region is bounded on elther side by regions 206 and

30 208, each of which is herein referred to as the “stable” region. As can be seen in Fig. 2,
portions of the transfer function curve 202 also lie in the stable regions.

A cirouit in accordance with the invention has an associated “operating
point” which is defined as its location on the transfor function 202. Fig. 2 shows three
operating point positions, 210,210, and 210”. The nature of the output of the circuit

4



6 WD 01182481 PCT/ 1800/ 00509 214 has a negative slope (dtld Y < 0). Wen
-op-anp 402 (h f g. 4) is saturated, operating point 210 |ies al ong one of
the two Positive sloped segrnents 21G 218. \Wen op-anp 402 is operating
linearly, wheiepgiating point lies along the negative sl ppegpapeesent . Wen
the operating point is on the negative sloped segnent 214, oscillatory
behavior will be observed at the output Vp~, of circuit 400 Fence the
negative sl oped segnent is said to lie in unstable region 204 as is

oper ati ng poidapendsléh thWtemctnMﬂﬁm@&x@ﬁﬂg]@u@@loﬁﬁﬂlﬂh@nsferifﬂ&hon SIfgit opefatied t i ve
sl oped segnent Q S rved, nce, t,he positive
segnents areP §§¥f§f’f’88?’}° °ﬁg K@“ﬁl‘g‘i’%h “‘?’6@ 65’“11‘1@%%@’3?‘? poi nt

2 flof can be me,dheeémg of the owlﬁtrvﬁneﬁmmu?msgmmommmmhmmepgxetr&geom;)ut VS
o] unction r 310 i ied,to,.t put o cirgcuit 400. Tn
particul ar, ﬁﬁﬁ@ﬁ%ﬂ‘ﬂ‘gﬂ %%‘f”ﬁéﬁﬁﬁg“’mmq ‘ﬁf"g"’ffﬁé? afAnmstable ;eiodn 4 when
any enabl & SIIgmabpdramlp@iﬂt ﬁ@ds:b&eﬂbmnﬁtlia(pblmﬂsbzllﬁrmmatfﬂfe traEﬂBNﬁﬁd viefi@ihY) tpe .
operating point .can put ns e.[e into one of the
stable regio tgﬁ@“‘“%%}?%%@’“éﬁ%ﬂ“é%?%‘ﬁ%‘? GF‘%% B@qg’ﬂg&t“The

resul ting behguérally tahe-Gdryial bt ofRPwikdndnbtillabrydbeBiiced Fdfthid ssusdd, Adeitlhs Fi 0, b
shows yet anot her enbodi nent of the gated oscillator of the invention) As

in the foregd? ﬁ@ﬂ?‘{ﬁﬁ’%@fe@“w&ﬁb@ﬁe%ﬁerat or 310 provide a variable
vol tage signal V,. Thlﬁeﬁllr %Fxgﬁﬁﬁdﬁ HER co ﬁf&j‘g?"@t s a first
0 a ond

i nventor 602, The out put i nverter 6’0 I's coupled t i nverter
604, The Hut mperatieg mWQf@errre\@onshoynzﬁ‘hq &whshawesgcm@ﬁﬂémmg goBpeto provi de

out put Vo" -~ a%gﬁ&%}haﬁhﬁamﬁsma ﬁmm‘adwﬂwmme& ;om‘aaﬁ dtﬁ%nh@ igie, 'nput

of inverter 602 1s provid via resistor errindg now to

osci | 1 oscope A fimgtion gsnemionAlo I Pw@sirbawwgﬂm n'éwrfe@fleﬁbtﬁ ivaebmpm@@élambha(n or )
Trace 1 is th@mﬁﬁm B ofiro@it 302106H b&ﬁpl&!ﬁ@%ao‘h’éﬁ:t %Qc&?daﬂ%!ﬂﬁﬂl EW&EL' nput

of circuit 40 Q first portlon of trace constitutes t F 25
signal . This dlwuit m gl @ramfer&uw@cmwwcb mwmeﬂ-smedh Pucthes it scgerdance With ATSABLL

si gnal . %f %@P:Wmioﬁ *L?rg&&“s‘é‘zt F%ra%?ep% b Hat R4 thn oifit C% S&ﬁd lg% Ef or m-

For exarrp ical rmis a auar vvave S own in
Fig. 7. It i souhof’dadu:tst@te regiph 20 dependingendhiedevehof thaouwput Viofifuhétidne asymmetri c

on' e nat ur BT TRl oR R Sl of S PMB RM R b Ricor sy o7

Trave 2 is tfnacbuﬂcplatory/mlhmagleat\ﬂmﬂutmﬂ ¥iout efldicuitiB02. Famingrhe tppratios point toe

osci 6 ati ons RoueRnns Pt haRe RIS e B oGb A Wty 1

further szin dshifistotyiehdviors FophgitiecbpEratiad pdiltdo fi¢ ersthe FansfarBuRsBRd8din

PCT/ 1 BOO/ 00509 cygl o S_the atL,an as e t he remai ni ng eyei es)
Tz. ~' he pul s?f‘e\ﬂ?g'leﬁta{é@ﬁc%@sagéggﬁwﬁgf"%%ﬂQf'h&scﬁﬁg)%g’ PRYIPE paraneters R,
It~ an(cji 1Zﬁ or the opAagwanife bﬂalalﬁrcMﬁhaf dhhiibits ﬂbe—ﬂiaﬁaMaﬁsfe‘nlhﬂmiol n igsan f
receive the circuit sos ti 4 nstant anepusly. The location o
the oper at i ng®hSBHipt a‘%ﬁ’lg{ﬁj PrEn %{ﬁéflﬁa%é‘hﬁ‘&%c%pwﬁ g‘“ %651 8 8P on
affects the papueehdis RESHhdgigRs 1k, 4Islﬂew9wcmuauaﬁt4@ormbplmf}&©2 The

| ocation g{ the peratlngfepm nt within the unstable regtle (and the stable

regions for tRAPaAPeEiyeTeedhdhrathorisrsip W@&P“B?‘pédﬁ“ﬁ’é‘f ?q‘lé’a‘fkéi?éfl’ NG t he

forcing functinpéhing ihp\@ @ik fHILERGERstdrIA0O8 ﬁmigea xeiihatcem, f KpbRI0H ofBE bhitht | On
periods can be attagined fromcircuit, 400 E‘Pt ﬁkg?an enapl e signal ref
i

different | ev¥tageoto é“\?épgél*}ﬁ%‘é‘i‘qdlt%dt%’l‘w?ﬁmﬂﬁ hoyys agsttagediidnge made
to produce 10tk E&ﬁﬁmngﬁwisws mﬂnhao@maﬂhgre%:My @slimes RPMAFENGrator in

which the levBl of the enable signal can he controll ed. The, i nvention
descri bed her%PPn‘yasPé%maﬁf“bHEPrﬁWEﬁt’@b‘rP&Pk Wetsrlﬂyaﬂbs “@Hht‘?@l‘ﬂ‘?tﬁg thergirogper at i ng
poi nt of g0 " VgRy ﬂﬁsét&astwran& ﬁn&?o&ﬁ\ébﬁ’e?at@r ﬁbgmﬁlédqﬁgédeyb%%‘n' thd ﬁ&qneer&&gt al

circuit de5|gn whi ch obvi ates thée need for clock circuit he 1 nventive
circuit input of op-amp 402 and ground A typical off- the-shelf op-amp can be used such as the

commonly available LM-358 op-amp.
Another example of a circuit having an N-shaped transfer function is
shown in Fig. 5. Here, circnit 500 comprises a tunnel diode 502 coupled to function
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15 does not need additional supporting conponents. The invention obviates
-the need for a charging and a di scharging capacitor for generating pul ses.
The invention di spenses with the support circuitry conventionally required
to maintai woiaRagytor potential where oscillation is stoppggpohpfel Nvention
requires only that an enabling signal be provided to "force" 20 the Vdp
oscillator to oscillate and a disabling signal to stop pscillatioras. These
signals can ba readily generated by any of a nunber of |Inown circuit
desi gns. The éeﬁuﬁ&tjlﬂgh@ﬂétﬁdd@gﬁé éxm;noﬂmme Uhtbuﬂ\&m@ikdmtaﬁmcﬁmisﬁoﬂ t h?t ) its
oscill ations art .and stop substantially_instantaneously. nsequent |y
there are no i?f‘gﬁ%}l ‘éﬁ?‘g’sﬁg’?w&‘h&‘?I‘?gwmdz?ﬁﬁ“’%ﬁ&—ﬁsaf‘gwuﬁ “the oscillator.
Qnot her ad\ée\llnt age is tﬂ@%}foie@@in@ﬂiduﬁd%@fbcZﬁprbdmﬁl Hyi thsfonsymlggema‘ralmjﬁm atO:\I on
uring an eri s fhe as the su en uri ng that
period. Anot t&FQ‘.‘S’ SAvaigRs ng.glﬂnﬁﬁfrﬁf%éwe‘lv g%?&ﬁ‘o’%?%gpﬁﬁeﬁﬁ‘m@gany ext er nal

free runnjyng oscillator. The circuit wll generate its own oscillations
when triggered by an enapl e signal. Conseﬂtjently, this shows for sagni ~cant
reductions in power coﬁ%‘lﬁ:ﬁm’d‘n 30 in dié al circuit applications. This is
especi al |l y advant ageous gi ven the | ow power requirenments of many of today's
digital applications, ¥Yet=ar®Ber advantde, the circuit is inherently
synchroni zed with the efibi e si gnhal. By tuning the circuit paraneter)

wi t hout changing the circuit aonfi~uration, the duty cycle arid the

ti equency of oscillation can be varied. The gated WO 01/ 82481

PCT/ | BOO/ b5 0whese giang 4 psedhe tate yasiablgs efiba ViR °ngét°éi rcuit does not overlap

w th the enable SiLde?xﬁlsa rmgﬁggﬂeevgposgmggo;,i onal circuitry is required to
separate the signals, thus realizing a sinplification in the gated
oscillator circui wr)yi;atinwmwgs'@mm%amimsﬁ@uwmmﬂqb&mﬁmbea@gﬁmm 11. A
nmet hod or proyi di ng. pul { Gi.pal.giroult conprising steps 2 of: 3
provi ding a dt:ﬁé?kégﬁmgg?izlﬁﬁi%ﬁg%gézﬁ%{rog,valngi ng a clocking circuit) said
clocking circuit cHipkedubiofimatioh afiverlablelx. 5F(x) is thaikey fof estatilishiog ecki ng circuit
havi ng an_ L nput  term and an output termnal, said 7 oircuit xurther

havi ng a \‘I%I’i 8&5’&\?‘@{?%@%& nt, said cirouit further having a transfer 8
function charact eri zedEgyatiaay(inghd(R) relaita theeirapnt Fig, A by repddcing vardabletad bar a

first stable 9 operatjng r.egj.o nd a second ,st e operatin egi pn so
that said cir®@ ’ei?re‘ﬁh'ﬁg’é?ﬁ’igi’@%d'g%Tepfcﬁﬁ“g?ﬁysgﬂtvﬁﬁﬂ%%}?ﬁar§§‘ JW’%B@r"g?‘ﬁﬁg poi nt
is varied int @cmitdeg:@ﬁtmm region and said 11 circuit has a
non-oscill atory output when said operating point is varied into either of
said 12 first and secorp‘_"is;tpabkze regions; @ forcing said operating point
into said unstable regioff tb initiate opeaation 14 of said circuit to
produce at | east one oscil Idg'ti on; and

20 lci—%cbd?:]'wy) “)

Parameter C in Eq, (4) represents a small parasitic capacitor 420 across the
voltage V, shown in Fig. 4 by phantom lines. 7, is the time varying voliage source of
function generator 310 which acts as forcing function. The operating point of circuit 400

25  is obtained by setting % =0 and g—j— = (). Equations (3) and (4) become V'= V;and i =

W(¥), respectively. i = 'P(¥) is the transfer function of the op amp with R, R; and Ry
combinations. Thus, with reference back to Fig, 2, it can be seen that transfer function
curve 202 is defined by / = ¥(7).
The intersection between the line ¥ = ¥, and the curve I = ¥/(¥) defines
30  the operating point 210 of the cirenit. A closer inspection of transfer function 202 defined
by { = ¥(V) veveals that segments 216, 218 have pasitive slope (di/dV > 0) and segment
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15 forcing said operating point to vary into either one of said stable
operating 16 regions in order to termnate said at |east one oscillation
wi t hout transient effects. 1 2. The nmethod accordi ng to claim1 vvhereit~
sai d step wo diBi4inNg 2 includes applying a forcing ; FunCtQRpfResidl d 3~nput
of said circuit, said forcing function 3 having a f rst output Ievel and a
second out put IeveI said circuit charaoteri2ed in that said 4 operating
poi ztt is |located in said unstable regi on when said forcing function

produces S a1 piddii %atwsmuwu@r%) Wkl of-aif 0 (14! ) B Sirufahia! oj&h%ézed i n

that said operating point Is in one of said egl ons when
sai d forcing nouﬁélqléﬁqabnsamo@h%wowoyamcq*smtcpiaﬂlﬁ,@\}& When ezramnéﬂzmt hod
of claim~ whep&ldin ﬁh&r!&&h@bﬁb@% ggsﬁtma%gﬁmegm%a ,%Ja'ss St Wik | evel,
said circuit charaoferlze sal d operating pain located in a
part 3 of saithe mz%lam@m‘rlégﬁth?nemﬂhﬂ@ﬁid@@éﬁntzﬂgwcuh@ﬁMﬂﬁpb‘mlﬂd@s sai d

thi v out it dhgatfiaat b pkeyd, HehOBIAN! HULQMI B ASRRORE R 30t GPo! 2, N0

pOI nt when sali orcil ng unc |on pro uces sal 1 rs
The met hod ofliedh anstable ragien 204esdméprating point 2} 0f When ﬂ@wpcmtinzg mm’t 21Q’:’a|

1 m 3 wiher df oh Eposhfle sobbd Sht ProntSeb bt Aulbie Soabripa. Hehdh it O
clai m 1 wher esopmends ate s2id ti livgn Stablo oRicna206 208.s9uare 2 wave. 1 7. The net hod
according to claim L her elihaRhnehf eal bo bR UGS AR BSAL

anplifter circuit with Said clrcurt a serres |§gut t hr ough
an 3 i ndubd orchangieg the nutpwtl‘\d oﬁﬁmbl@dnlgnnﬁeﬂiﬂmnyisapglieﬁtorﬂm input efjcitcuite

resi stance r ereln ra i | Ss ed into said
nat abi o egi 5" BPRYE Y FieFile PaCo-RBE R IoRMEe tebiongBE Bl & %5
net hcd accor dénable tﬁgnal H@rmxdedvﬂy&hefunctmalgmmwm Wohversely, thd@peratingZpohdtesre nt

havi ng negatlve i i.d CerU t  havi ries i hrough an 3
i nduct or, Vrggﬁ}qto"r}@’r?)s”t“ét lémc%’é‘raﬁ oS Sgﬁﬁmﬁ r%gnop&&ﬁ?,%gs)y edance
region, and %pﬁimm bf SdibaYleipriatihe gespitihg behagiof affoirewlt 400tiothardfd gaeat abl e

regi on by g cha gl ng current 5 applied through said inductor. 1 9, The
met hod ac&or df @”Pb claim8 wherein said elenent is a tunnel 2 diode. 1 10.

In a digital ci I‘CUI t) BigCh ﬂﬁiﬂs@@t@bmewrﬁbodmﬁﬂmﬂtﬁdgm.do?cmatsﬂdfew t haV| ng an

i nput and an out i rcuit, havi trans nctio

transfer fi-~r i“Ef"E ﬁ%&tﬂﬁﬁ’éﬁgmﬂﬁ BT’ér}‘gﬁg?%ﬁ"ﬁ‘ﬂmf ébq Hﬂwgﬁﬁﬂﬂﬁgﬂ’by a ftret
4 stable Oper@dlia@@snéxﬁWQﬂFMgwﬁeradsﬂﬁﬁ@gldn&icﬁ?hm Inped fikd iRGerofE020 Thesai d
transfer function deFm

t of t f d t,
Sard o rcui | SHEROEIVEST BN GeBIde f g Ry b g NGRS ABR B |

point is Y@rigged da;das 2akidr S0 Bl RIe ALV, AdeEibdcxGiatthin tHedldpai ofadapted to
produce a non-oscillatory outgut when sal operating 0| nt is varied into
mnye:

ei t her oPsai dmf’?ff%tsoda*ﬁdh%lé%ﬁ Tt P2 I prpviied via ZefiFtag 686.f unct i on gener at or
having an output adapt R@feﬁrﬂxg%%l»%ﬂg"?'a){o@éxﬂ’&b’ﬁﬁﬁ&bﬁ%m Atdktraihy fhef | 1 St

| evel and an output of a second Ieve’) said f~ncttion generat or out put 11
coupl ed to safomrseingdercribadhsbaviors Frasail ds thpeteutiVa gl faction eereraterHea@s i nt o sai d

unstabl e regi mé\ﬁ‘f%%efﬂifaa o%ﬁ%ttu@@ A%&g&%maﬂﬁem&eussnh&eme BABLE! 1 St

| evel ; 14 said circul urt her adapted hat sai d erating point is

forced to28ai sigwb Brinisifellowsd by seonedipostiorcwisiply canstiteies @é@é&%@b‘i signalput is at
sai d second | g}gkably, fhe function genetator output is a digital waveform, For example, a typical

digital waveform is a square wave such as shown in Fig, 7. I is noted that typically, the
digital waveform will be asymmetric along the time axis, since the periods of ON time
and OFF time will depend on the nature of the patticular application of the gated
30  oscillator.
Trace 2 is the output voltage Vo of circuit 400, As can be seen, the
oircuit begins to oscillate when an enable signal is recoived. The oscillations continue for

the duration of the enable signal. It can be further seen that the first period Ty of the first



11 WO 01/82481 PCT/ 1800/00509 1 11 ( The digital circuit according to
claim 10 wherein said function 2 ~ generator produces an output of a third
| evel ; sawD ays4séat i ng point is forced into said 3 unstabl eegEmEoo0S0MEN Sai d
function genezator output is at said third level; said operating 4 point
being located in said unstable region based on ryhether said ftuiction

gener at or g'r}glg whPike siuﬁg @hraBah 5 zfaicli of t%% ?x%fl\ﬁiniﬂﬁ oyeidsOTS. hi'ﬂefbl#lfo‘@hﬂx canbe. The

digital cirfcuit according to claim otein sald fiulefion 2 generator
produces adydby ehangingttheicircuit ppemereRa Ryisnd R2 ot the optamys DERiaSY&O wher ei n,

idfictiog. . "I he digital
o rcu t of VRERERIAb R isfatlhlve R s QA Bfintaboddy, | "7 € 0112
asymmetrical shape. Thelscatidief e gpératinggioint along Smdtmafenciuve ircthe unstdlle wher ei n
oper at g Pigh eHRLIRE P3G BE e etionn s AL ek A T e iy " 7 ©
operating db@ira!i!lg 'Egini %tﬁ&ﬂ_hé iRabiéiediod (aidaRs fatle feRfbing Fr thit rdatfek)Bn ¥ Yi Ng

i nput signal . Ital circuit accordi ntg to claim|l wherein said

d
circuit 2 demnimééamdhfstj%é &aéewehpfébaf%@n@ft@m, apn; by seem, dhareforcathiahg a

e 2 negat Hyel BN oo S SHFHlnpuip el dhoR ufh L MR S iy o0
forted i ntefdifferentuoedlnblie gatdiacillityr of thtvmngition canthus he nde ppprodatet hr ough

said inductaor. 1 17. The digital circuit of claiml rein.said elenent
is a tm\ne?&‘%r?eﬂ? E’(ji%"' Wiflrt}@é’.y ¢ figraf g fuclpn g‘%’\?{ﬁ*‘tﬁﬂg}*@dﬁgﬁx@ "EWP%@@PI"

CoNpri si NQgioys] BAOMH chnBi@ll&, Ci rcuit having era input termnal and an output
termnal, said 3 circuit further having a vari abl e operating point, said

circuit further haviTy iavention dessriben hergia pses an upgonyentionabmaethed ofhavi ng an
unstable o ' i h | St § Nq:@gi on and
" second SPElEh Stehe BURUEL VAK ofidif o pRAER chighi AT iril e

osci | | at or gighaltefrtnhit déwbem whichl obyiateathie ngedafor mtloslscincaiti Gtie imvtentiwendinbuitnst abl e

region,and _said 12 01/82481 7 8 9 1 x2 1.2 4 .5 PCT] | BOO/ 00509
ci rcui 12 hadeed “ﬁU?F96§€¥£P%j‘8’t‘RP°HH}gpﬁ9fnp\%eé‘H' @Fé‘w&fi@?’bﬁvﬁﬂ%@’ H?“ﬂ Tlé’r?/ari ed
into eit hetrarghy & Hdiiiaskin@Bhasits Itenirieulsotl TRSiovéRIoRipessts Fith
operating point into said unstabis region to initiate operation of said
oi rcui t t othosuphottecivgrittyegsvensionallysrequiredie @ﬁi,nt%@m;mpﬁ%nydme@per ating
oint to v ks ' r one of said stablo operating regions in order to
ltoer m nat e g%o;ﬂghg{n%sgé Pg‘one oscillation wt houlto transigent geffect S.

The invention requires only that an enabling signal be provided to “force”

20  the VdP oscillator to oscillate and a disabling signal to stop oscillations. These signals
can be readily generated by any of a number of known circuit designs.

The inventive gated oscillator circuit is advantageous in that its oscillations
start and stop substantially instantaneously. Consequently, there are no transients
between the ON and OFF state of the oscillator. Another advantage is that the period of

25  the first cycle of oscillation during an ON period is the same as the subsequent oycles
during that ON period.

Another advantage is that the cireuit does not requite any external free
running oseillator, The circuit will generate its own oscillations when triggered by an
enable signal. Consequently, this allows for significant reductions in power consumption

30  indigital circuit applications. This is especially advantageous given the low power
- requirements of many of today’s digital applications.

Yet another advantage, the circuit is inherently synchronized with the
enable signal. By tuning the circuit parameter, without changing the cirouit
conﬂguration, the duty cycle and the frequency of oscillation can be varied. The gated
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19. T he nethod according to claim 18 whorain said step of forcing includes
applying a forcing function to said input ot'said oircult, said forcing
function having a first output |level and a second output le~rel) said
oircuit ch@ioanfsgsized in that said operating point is |ogairafooodsesal d

unst abl e regi on when said forcing function produces said first output

| evel, said circuit fiu~ther characterized in that said operating point is
| ocated in one of said stable regions when said foxcing function pr oduces

said second Q : o aI ~rrherein said
forcing f unct #gﬁt&lr o@ {“gmjbfgg Chmur1 tadocs ?oqg%I %Vgﬁ °§ﬁ? %W&fﬂdt

characteri zetucrﬁfnretﬂoaﬂdlnanadicltqwryas remyreﬂdn separate tﬂea(male,dhusrreﬂnzmrat 3 of said
unstable re ction produces said third output

| evel , thatth p%?%ﬁgm&?%ﬁk "c g%atlon of said operating point when
sai d forC|ng functlon produces 5 Sald first output level, 1 21. The nethod
according to claim 18 wherein said circuit includes an 2 operational
anplifier circuit with feedback, said circuit having a series irZput
through an 3 inductor, wherein said unstable operating region is a
ncgafi~re resistance region, and d wherein said operating point is forced
into said unstable region by a changing voltage 5 applied to said inductor.
1 22. The method according to claim 18 wherein said cirouit includes an 2
el enent havi ng negative inpedance, said circuit having a series input

t hrough an 3 inductor, wherein said unstable operating region is a negative
i npedance region, and 4 wherein said operating point is forced into said
unstabl e region by a ohanging currant 5 applied through said inductor. 1
23. A gated oscillator circuit, conprising: 2 a circuit having an input and
an output, said circuit having a transfer 3 function, said transfer
function having an w-stabl e operating regi on bounded by a first 13 WO

01/ 82481 PCT/ 1800/ 00509 4 stable operating region and by a second stable
operating region, said transfer function 5 definig a set of operating
points of said circuit, said circuit adapted to produce 6 oscillatory

out put when said operating point is varied into said unstable region, said
7 circuit~fiuther adapted to produce a non-oscillatory output w xen said
operating point is 8 varied into either of said first and second stable
regions; and 9 a function generator having an output adapted to sol eetively
produce an 10 output of a first ievel and an output of a second |evel, said
fi ~notl on generator output 11 coupled to said circuit input; 12 said
operating point is forced into said unstable region when said fi~notion 13
generator output is at said first level; ' 14 said circuit further adapted
so that said operating point is forced to said 15 stable regi on when said
function generator output is at said second level. 1 24. 'flxe gated
oscillator according to elairn 23 wheroin said ftutction 2 generator
produces an output of a thixd level; said operating point is forced iaato
said 3 unstable region when said ;function generator output is at said
third |l evel; said operating 4 point being located in said unstable region
based on whether said function generator S output is at said frst |evel or
said third level. 1 25. The gated oscillator according to claim23 wherein
said oircuit 2 includes a negative inpedance el enent, wherein said unstable
operating region is a 3 negative inpedance region) and wherein said
operating point is forced into said unstable 4 region by a tinme varying
input signal. 1 26. The gated oscillator according to claim23 wherein said
circuit 2' includes a negative inpedance elenent) said circuit having a
series input through an 3 inductor, wherein said unstable operating region
iS a negative inpedance region, and 4 wherein said operating point is
forced into said unstable region by a changing current S applied through
sai d inductor.
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2 includes applying a fo;cing function to said input of said oircuit, said forcing function

having a first output level and a second output level, said elrcuit characterized in that said
operating point is located in said unstable region when said forcing function produces
said first output level, said circuit further characterized in that said operating point is
located in one of said stable regions when said forcing function produces said second
output level,

DS B = A . S A

3. The method of clalm 2 wherein sald forcing fumction produces a
third output level, said ciroult charaoterized in that said operating point is located in a part
of said unstable reglon, when said forcing function produces said third output level, that is
different from the location of said operating point when said forcing function produces
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said first output level.

o

4, The method of claim | wherein said forcing function is

2 asymmetrical along a time axis.
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The method according to claim 1 wherein sald circuit includes an
element having negative impedance, said circuit having a series input through an

inductor, whereln said unstable operating region is a negative impedance region, and

wherein said operating point is forced into said unatable region by a changing current

(V. T VI S

applied through said inductor.

9, The method according to claim 8 wherein said element is a tunnel

| \S TR VN

diode.

10.  Inadigital circuit, a clocking circuit, comprising:

a cirenit having an input and an output, said cirouit having a transfer
function, said transfer function having an unstable operating region bounded by a first
stable operating region and by a second stable operating region, said fransfer function
defining a set of operating points of said circuit, said ¢ircuit adapted to produce
oscillatory output when said opetating point is varled into said unstable region, said
circuit further adapted to produce a non-oscillatory output when said operating point is

varied into either of said first and second stable regions; and

O 8 = O A W N e

a function generator having an output adapted ta solectively produce an
10  output of a first level and an ontput of a secand level, said finction generator output

11 cowpled to said cirenit input;

12 said operating point is forced into said unstable region when said function
13 generator output ig at said first level;

14 said cireuit further adapted so that said operating point is forced to said
15  stable region when said function generator output is at said second level.

11
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3 unstable reglon when said function generator output is at said third level; said operating

4  point being looated in sald unstable region based on whether said fimetion generator

5 output is at said first level or said third level.

12.  The digital circuit according to claim 10 wherein said function

2 generator produces a cyclical output.

13.  The digital circuit of claim 10 wherein said function generator
2  output produces g squars wave.

. 14.  The digital citeuit of claim 10 wherein said function generator
2 output has an asymmetrical shape.

15,  The digital cirenit according to ¢laim 10 wherein said circuit
includes a negative impedance element, wherein sald unstable operating region is a

negative impedance region, and wherein said operating point is forced into gald unstable

oW N

region by a time varying input signal.

16.  The digital circuit according to claim 10 wherein said clrcuit
includes a negative impedance element, said circvit having a serles input through an
induetor, wherein said unstable operating region is a negative impedance region, and
wherein said operating point is forced into said unstable region by a changing current

wm hHh W N

applied through said inductor.

—

17.  The digital cireuit of claim 16 wherein said element is a tunnel

=2

diode.

18. A method for providing clocking pulses, comprising:

providing a circuit having an input terminal and an output terminal, said
circuit further having a veriable operating point, said circuit further having a transfer
function characterized by having an unstable operating region bounded by a first stable

operating region and a second stable operating region so that said cirouit produces

(= O "

oscillatory output when said operating point {s varied into said unstable region and said

12
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11 foreing said operating point to vary into either one of said stable operating

12  regions in order to terminate said at least one oscillation without transient effects.

19, The method according to claim 18 wherein said step of forcing
includes applying a forcing function to said input of said circuit, said forcing function
having a first output level and a second cutput level, sald circuit characterized in that said
operating point is located in said unstable region when said forcing function produces
said first output level, said circuit further characterized in that said operating point is
located in one of said stable regions when said forcing function prodnces said second

TS Y i AW N =

output level.

20,  The method of claim 19 wherein said forcing function produces a
third output level, said circuit characterized in that said operating point is located in a part
of said unstable region, when said forcing function produces sald third output level, that is
different from the location of said operating point when said forcing function produces

th . W D =

said first ontput level.

21.  The method according to claim 18 wherein sald circuit includes an
operational amplifier cirouit with feedback, said circult having a series input through an
inductor, wherein said unstable operating region is a negative resistance region, and

wherein sald operating point is forced into said unstable region by a changing voltage
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applied to said inductor.

22.  The method according to claim 18 whereln said cirouit includes an
element having negative impedance, said circuit having a series Input through an
inductor, wherein sajd unstable operating region is a negative impedance region, and
wherein sald operating point is forced into said unstable reglon by a changing current

W hA W N

applied through said inductor.

23. A gated oscillator circuif, comprising:

N =

8 circuit having an input and an ontput, said circuit having a transfer
function, said transfer function having an unstable operating region bounded by a first

13
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11 coupled to sald circuit input;
12 said operating point is forced into said unstable region when sald function
13 generator output is at said first level;
14 said circuit further adapted so that said opexating point is forced to said

15  stable region when said function generator output is at said second level.

24.  The gated oscillator according to clait 23 wherein said fanction
generator produces an output of a third level; said operating point is forced into said
unstable region when said function generator output is at said third level; said operating
point being located in said unstable region based on whether said function generator
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output js at said first level or said third level.

25.  The gated oscillator according to claim 23 wherein said oircuit
includes a negative impedance elament, wherein said unstable operating region is a

negative impedance region, and wherein said operating point is forced into said unstable

W N e

region by a time varying input signal,

26.  The pated oscillator according to claim 23 wherein said elzeuit
Includes a negative impedance element, said circuijt having a serles input through an
inductor, wherein sald unstable operating region is a negative impedance region, and
wherein said operating point is forced into sald unstable region by a changing current
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applied through said inductor.

14



