;ste3eNcN L46T=E+ao0."~, .~.s,ro,.., *G00001 METHOD AND APPARATUS FOR :
GENERATI NG PULSES FROM ANALOG WAVEFORMS BACKGROUND OF THE | NVENTI ON 5 Thi s
i nvention \R' lofl%ﬁ@a to a vvave”mmmmmmmm conversion technj gue and nore
particul ar § echni ques g arbitrary anal 8§ BVHHns to
sequences of pul ses. Pul se genefcadoaks are well known, for exanple, for DC
controllers and ot her applications. However, the typical pulse generator is

ahi ch can L?M@&ﬁeﬁ@e@?ﬁéﬁﬁ’fﬁﬁﬁbﬁ BRSERATTORER TR Sefimohe ™ "
triggering is termnated. Suc O WAVEROBRMS confused with trailing
pul ses, so that the counting of pulses is an inaccurate representation of

t he i ntended pul se count. i | se rat i S responsive to a
trigger related to a thr esﬁ%‘ﬁéﬁfglad‘ggﬁp%ﬁﬂ?y@ﬁ%ses are generated when
a level gnput is app'Tlﬁﬂhb@lﬂion@&ﬁt@%%ﬁavﬁfoﬁﬂ%ﬁﬂ&!d&ﬁ@rﬁ&{&8151‘9{{1.@ahhat has

established a trigger point. The duration of the input above the threshold
typical |y cBoreapiiaslyte techriquesfor qopyeriing arbitrary analeg avaformsto sequendeat i on
period. A cbgﬁ_ﬁgeg van der Pol (vdP) oscillator is a sinple nonlinear
oscillator 20 circuit and is a useful starting point for use as a pul se
generator. However, tHwsccaerators ajgiwelbkrown, for e¥ample, fortDE eertrollorsandiabl e.

Crcuitry i mhi i i i€ t%?o% needs in

speci al i zedg‘é’g’g‘ﬁ?gg“t“}ég*ﬁgﬁ“&%%mﬁk%@%@%@%@@% ccgnr%éi ng to the

i nvent i &, eonventiendl aspidlatep pumanastablemeuliivibratoderhidhogan groduecuridesiredor put  pul ses
or oscillatj i h AR f J ] ves

oxci ti ng, iRy ParsRRRARE el Ao AR WS, SulThrlelid I BLIEY

vari abl e opeorditsed wyithdiailinggpmties) ao thatthecaunting éfqulsksiis @h irmocurite reprdsentationd by an
unst abl e Op@{jtﬁé%nrt‘e%dgc? ﬁl?egio?xﬂt bounded by a first stable operating region and
a second stable operaPl ng region, the anal og waveform having a first

i nformation regi on anltyicbpulseienerhtor isa¢spansivedg a tigget felared to edpeshsidve to t he

sensing,of the first informatign, regiaon) . torcing.t ariabl e operating
P10015948" seafhetiSrasleh ot Bt RGP baiel B Bise BB, P it 1 e
oper ati on oOpreldiemtihddthitelhold thiatits éfistliskdden tEipger bint OTHetikation bOthpimuitce a

sequence of oscillations at frequenc reater an rate of change of the
operating pBfoe the sh#fiﬂpwé@bfﬂﬁ@ﬁwgﬁétg %ioR H’ijB © fraig o gyciiiqyon

i nformati onpgrRdi on, forcing the variable operating point to vary into
either one of the stable operating regions 5 in order to termnate the
oscillations, such tHaflasfevanset ?%WS osgillpterds #imRie noglinger esslatorat i ons

al ternabe. JikRitaBs W 4 useful ecmaﬁglabimgfog)ﬁse@aglauﬁy nerafdr. Ha®eldapMt caauef orms to
a sequence of pul ses separated by silences. The circuit or device according
to the i nveMdR exsillator is nas readidy tusalle.| | at or having an N-shaped or S-shaped V-1
characteristic that QRfRhER nQé?l@Jl'wﬁf%ﬁ'iés\l’rhplEQﬁ& dt PhidhQd@R6ded h@liSindur i ng
excursion of current and voltage through a Unstabl e 10 operating region. A
vari ety of ppepigtizedpplications. ray nap to a particular string of pul ses.
Decoding is not for the purpose of identifying the type of input waveforns.

One application is expressing information represented by the waveforns. For
exanpl e25a SUMMARY OF THE INVENTION

According to the invention, a method and apparatus are provided for
generating output pulses or oscillations in response to input analog waveforms which
involves exciting, with a known but arbitrary analog waveform, a circuit with a variable
operating point and having a transfer function characterized by an unstable operating

30 region bounded by a first stable operating region and a second stable operating region, the
analog waveform having a first information region and a second information region, then,

responsive to the sensing of the first information region, forcing the variable operating
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character set could be nmapped to one or nore cyclical waveforns. The
invention wll be better understood by reference to the follow ng 15
detai |l ed dwemispsion in connection wth the acconpanyi ng gepidebeme; BRI EF
DESCRI PTI ON OF THE DRAWNGS Figs. 1 A and 1 B show two types of transfer
functions contenplated hy the_ invention. 20 Figs. 2 and 3 show circuit

: e 20 Fi. W Ci T

ar r angement PO o yasy & ¢igerntn initigte pparatiog %&emrcwgﬂm%ws@&mpemanﬂrmtam e
regi ons of ' Fde®T osdllati ' o P ATl ions in
accor dance \?\}?ﬁ%ﬁ% hgéﬁuﬁvent Pgﬂl}atlgiﬁzarl%gﬁﬁzi%ﬁéget qﬂeaﬁkaetl. at on_%ﬁf;_of t he
oper ati ng pdperating;point; and themeesponsive tq tha sensing of thesenend infomnatiah regia, abl e and

unst abl e op i i . K : t he
Mventi on. - Avae s virielle spefiifis FRACH VAL 31 6A0F o WaBle BpthdiaBolt | 7
of the téchrihagudsr toterminae therescillationk, suttethattheinitiating ard tgenindtihg-of 14 exenplify

ot hoa of ol RS e TR TR iphabl o ech bl R B bARRERS TR ) g

to Figs. | A saquinéSof prilses sipamteddiytsidenzesnit e dirguit tredepice senotdingtoehé inventimnhi bi t

a transfer function haying either,an S:s ed earance such as shown 2
wo ol r~l ~sa '?”(‘:%9 Q’Fﬂﬁ%’ VH‘gﬁ“&'?}fpﬁf‘ %’:ﬁ E}P‘?B"Cﬁﬁgﬁgﬁg IPHEH SRTEE hown i n
Fig. 1 B Faionliheripjithaidisas osilldtd during @S@indion ofrentand volisge tHrowghSs @istable

function" of a circuit refers tqQ the re] ationship between any t state
vari abl e ofoPSratipg Fegiqn. km"e&%fﬁw% wagsiors |y 'Ban‘i"ra&&ft{%‘g&FtEX& 9}3?‘8%31 y

charact er i zegecaiing ot fdrthé Fidpose of idedifping itk tziswoftimt Sardfermsaiombl es of
(0]

current and voltage, Such curves 5 indicate w one state variable (e.g.,
current) cheARgEAIRR isexBrestinginformation syprereptrdedy (rovavaipmps. Ben e¥amplesa can be
.seen in Fi gsc_haiaeteamc&ﬁab@ﬁﬁ@:&&@&fé&&n&ueﬁ&ibmql&amﬂcI udes a portion
which lies wthin a region 104, referred to herein_as an "unstabl e" region.
The unstabl e regi on i Ihpiysetics wH bebettesundarstaod Ry refeganeete thefollawing1 08, each
of whi chig s Qgfiieh RescRptidnlifi dorrieetich Wilfthe 8c3RipnyidEdthdings. 10 A circuit in
"accordance w ﬁl] thce ﬁ venr:ti%n ﬁas ‘g’ﬁgsomm& eycli g?tgperg'?i ng point”™ which is
defined as its location on the transfer function 102. The nature of the

output of the circuit dep j i rating point. If
the operating point is pogﬁ?gygﬁaﬁgtféﬁ?ﬁg%@%ww transfer
function that |ies w Figsnl4 eqd UBishbvitwottinges ofitrpuster diinctitwes contemplatedvtiyl the
exhibit an ascil.latory behavior. Hence, the region 104 in which 15 this
portion of LSSt er function is found is referred to as an unstable
regi on. 30 the oper at Figg. Danidg shos givesit adtrangenierts fon forting theaptlatingpaiht t he
transfer fuﬂt?e&i on Hggt l,i e within eiﬁther .0f regions 106 and 108, the out put
of the circUBEWEHRSRPEARA Bftable 58i0ns of IR aiPhe varying but ot herwi se

non-osci | | at ory behaviFigs. 4 FOshdvhtypicaleisoinconfiggiation ifl @écontadcelwith tiee ref erred
to as stable regions. 20 Referring to Fig. 2, a configuration for varying

t he operati nYYPOPAt of a circuit is shown. The figure shows a circuit 202

havi ng inputs 203 andF2)9 explaing BiaGtlhtionship o€ fRbperdiik point@ad He@@nstr one end
to an input 205, An arbltrarﬁwanalég wavef orm source 210 is coupl ed between

an i nput2203funeipnip gonseetion vaHstable andyastable gperalfoinent 204, thus conpl eti ng

the circuit. For the pgy BQsEmelsuleRnd kN EdmUrotolyb6 bt the Zi¥énttds a transfer
25 function which appears S-shaped. The circuit arrangenent shown in Fig. 2
all ows the slope of t K égsafbnnd &é)yllwar@@ﬂm—ﬁg@mwmgfmbﬂma%n he
operating p%a{niffeiﬁh& HiabcedBh hPiReRgd out of the unstable region 104.
This action contfol's the onset of oscillatory behavior, and cessation of
such oscillatory behaWigs 10 at4 exemplifnthevaristy efianalog wapdformssvhick eandei on of

the out pyg of  BEOLI LAY, WKL APAGE A HntRhO-

L)

=

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
Referring to Figs. 1A and 1B, circuits contemplated by the present

invention exhibit a transfer function having either an S-shaped appearance such as shown

2



30 Referring to Fig. 3, an alternative configuration for varying the _
operating point of a circuit is showm. In this case, the circuit 302 has an
N- shaped t gafunction. In place of the capacitive el etjénsnt an -

i nductive €lenent 304 is provided. As with Fig. 2, an arb$VEPY05M,) og
wavef orm source 210 conpletes the circuit. WO 01131784 PCT/ 1 B99/ 01801 An
exanpl e of aian_ié.,ollﬂ br théRLs | dppéaPar® shown1APRA 181 F&&B@turﬁb%%f € ptesertn
operation anplifjer (“g_irgnp cqnf”lé&ur.ed W th a feedback resistor between
the op-anp olveRiiongihe e Senstion et giciguit sefsu to the rglationshipdytvesnany tvei rcui t .
An op-anp 40g.kRetidtiesra cﬁaﬁt.tpo\texineﬁé,la&e&o&@&iﬂuwﬁeg@&ﬂyeﬂamz&w put

feeds back to Its non-inverting input. 5 Atypical o the-shelt op-anp can
be used, suctheind-V ersvesprebating the-twestaterrariebles of snment prd yatage. dlushcarve® monl y

referred ¢o ‘ ) 'Bq;}rig | S i i i @ﬁm
transfer é un&afcgﬁ%?gndﬁgg&¥ eal | glggé %’s‘?%cn%ﬁhag’gés;a%ﬁ cvdﬁ?qr\i Sg&f‘gag‘éﬁf% r gésjl stor
connect i ng t hariespAarmn basepuin Kigs. | Asnd ABegach trgnsfen finctionT Hi2sincloddsiagnortiin on i s

shown in Fig.,b5 ,where an ap- 02 4.n e “ ack.path to its 10

i nverting i %B’B’[ch\l/’le%wf@ iasrf’%gn 3@93.“’?‘2{??‘1&?%%‘5 %)?grr'%\% égf(%f 9‘%"%‘ ?@ﬁi“fwtﬂlg& ng an
N- shaped tr aregionris beunded ameither siobyrepions=10$.an6 108 each of awhichnis héreii reférred02 i S
coupled to arbitrar nal og waveform 210 t hrough inductive el enent 606. The
out put Vo"c Posastdé&éi‘/?bgcrr% ‘resi stor 604, which couples the other end of
dihode 6020 15 Ref eL ba&:éirﬁ@tihha:oﬁiaﬁbkﬁ\lgﬁﬁiﬁlblimﬁmhaﬁ un@‘sbaateof‘op]tcehﬁng%cui t )
shown in Fig. 4, iy tion.,of V,and i is expressed.as. V = f(r~ when the
rate changegB?m'i W ‘S‘z‘éﬁﬁﬁnegas ft§{°fﬁé’“&“6$°t?a$§r ﬁ‘ﬁﬁr%g‘%&aib? BHHE RS 7 shows
the transfer ofipierittirhit HRndd dnthé loc&iva\f itk Speritiig im._TMmempm_uh% gaihtir ati on
vol tage of op-anp 402 is proportiponal to E+ when the differential voltage
(V+ - V~) i sisgogitiprad alengiheRaqrtion efdhe wansier {apctionghaybiep withindegiemi ¢ the2o

vol tage is PLAPQIrRtircuit YilFexhihifdh dsBiflatdly HeRividt! Hehce/ Rlelr8flbn 164 inSici han

zero. The equations relati n% voltages Va, V-, V, and current i are: Vp =V~
+V _dV _ 18Vothis portion ofdhe t@ansfer fungtion ig founyisreferrpd fops ap unyable rogioay df thej s g
parasitic in s \WEU C 1 iR vhh&: L ead of a
Component . 2GR BGRiAE fPRpRA donginphaGR of Lt g oA I e
al ong t he tr sithst ef regigne { 06and d08,\he ouppin o6 the sizeuit Wikl gxhibitatggnerally imemd by

setting dvi dt;ar?'\l}ggh{]?t%})aﬁsc%gﬁggciﬁqtér?ylﬁx&j Forfthls re%sodg‘ge %é%i%tﬁpl\/@%és/ e,

di/dt = 0 when 0 sinp e anal ysi s, unme t ,
triangul ar weefafeditopssablersgionhe time derivative of this waveform source is

equal to,Yo where Vo i . . gﬁgﬁﬁn- i i ur at
the 4 \%g ov3ns4 Pdll?eéggﬁgﬁg%?qlﬁt er ectﬁo{é?&g?&?{ggﬁi%éﬁglhg’gmgp% ecew se
| i near funct tieevitd$ sowe. {The fighrershdwmactircoit 20hbavirtg inpuss 203 and 286+ Agapasitive =
-CVo and the iece%%se Iip a fung;i on. lt50§h o ratajmr;1 pvggv@%onlni gs on

ei ther of th&°HEY |\’/se°°§'P5§§ Mev8S R <or P BpeF R S onn T ENY e 7
(i.e., the stabiseotptel ersgen ahtimpuodIand tif othdrend of capaditiveslenvant 284; tHukat or y.

However, if the operating.paint lies 5 _an the negatiy ope | ine slope2,
nanel y, the ﬁ?fg?lg'g‘fgetg? & n,?J%‘IhSBH‘PP?ﬁP(g@? ‘ﬁﬁcﬂﬁtﬂ“nﬁj’ﬁ“gﬁgis}%%%ﬁs&,fu occur.
I][l tEe t ipge ﬂiﬁi&ﬂbﬂhvhi&:ﬂhﬁpehﬁ S?j@eﬁbdﬁ%acﬁﬂﬁﬂmng&neﬁsﬂb%iﬁ FignBlaB(twdthe ogt put
of the circuit. In other words, the operatin i nts along sl.ope., n
slope 3 arc Seaneidhepbiary wev §?’a&£forf8 "&VE&" ORERAtne PRt ‘lfﬁgf“ﬁil?(ﬁg

poi nts al ong i AREt 3f fe URGAEOIeRioR NB4.ATHiN&L1IRA htitfols thobnde\6f dséifiefyer
function shown in Fi , .Sl ope2 can only intersect WItP_lO line i = -CVo.

Thi's neans. t hehavisscni I-Cﬁ‘tzi“iﬂﬂ@ siichjosqilatemy behayint, a3 theypulibpf ciipujt 4P2 252 negat i ve.
m:”ngg;i ?f/eiﬁﬁxcﬂ&%i‘thé’&tpﬂ%f%ﬁ}a!r} FhRFdmAgehérdiof ¥10.S observed. By changing
30 Referring to Fig. 3, an alternative configuration for varying the operating
point of a circuit is shown. In this case, the circuit 302 has an N-shaped transfer function.
In place of the capacitive element, an inductive element 304 is provided. As with Fig. 2,

an arbitrary analog waveform source 210 completes the circuit.



sl ope of the arbitrary anal og signal, the operating points can be noved
("forced") between the unstable and stable regions. This action produces
peri ods of womsiZat ory and non oscillatory behavior. Thuspcf/fieeeighcui t s
havi ng an S-shaped transfer function curve, it is 1 S the changing sl ope of
t he applied anal og waveformthat "forces"” the circuit's operating point

bet ween st abl e and undined¥amplesdasircuiBhateshibits arsSishaped fransfar fignetion Siagps.  9A
and 9B for t e 1 i i in N shaped
ransrer curebatEplniof HhoPlonhEida Wi heshictshlokBéblicn 8 ob- i 0

wavef orm A qupt and/jtenafinvértng inpot ifig. drsbows such Ricycuitd Avesp-aap 402 imohidésest ed

to confirm 20 the for in rinciples.,Th Lbi,tra nal ag sji.gnal in this
toso s Frige FraRdhh Rhetis Priisins ol b btk o B R b SBent e
250 nV. B~ =AtypiGPoffithe-shefbpSiznp @fte BeedsutR@s the LM\330oprmp.apnésthéror was

used. The op-a has bi.ased at Vcg =.1.5 V. .The, plot ,of Fig. 8 includes the
arbitrary si oS a devies qompnty;re 10,85 3 YRUUACHOR SRRBNUSIOL. 4k of the out put

804 of the op-anp. AS/G&&uRQnaﬁiﬁﬁBmNtﬁh ¢dRran§fr RAHtRk cah Be RBKze@ BSih) kAbRY Y
when 25 the slope (dv-=/dt) of the arbitrary anal og signal Ve is positive,
during tine 3 WBhadeedpagk resisiorsionnecting the gpamputpyt todisdnveainginpit- Bhisi od t o,
osci | I ati ons,QfetatiG s ¥hdMre / ' 598 i fek id 1 9s. 9A
and 9B, the ?lﬂg%%és@glrsl)ét ur_nié“fti| #ég"heeﬂg%?g -gt&*)ongtl) ﬁﬁ%ﬁ arﬂ%firlgérﬁ;}%rgl og
wavef or i) calnvésinginput vipresistor y04.nf or mat i on for N-shaped 30 transfer
function curves. Reca'AﬁHi\@:tex%gl%ro?hHr?dié’ha‘é'ﬁxg%ﬁ\f-maﬁ?dhﬁﬁﬁﬁﬁﬂl:ﬁ sto a
circuit having the foregoing transter function in a" way that produces

osci | | at ory showndmFigs6i Hergt otupnd)dinge 662 iszpupledtoguhipary anabogwavkformt 2id
arbitrary vva%g{ A B\ o U i i L.k ral:lyve purposes
to facilitate tuﬁfé méllqj g@fsegngeﬁ?aﬁeﬁ}c?’hg’g gg‘f“g)s f%g'gﬁ%%ng r%ﬁgt&&ga’d% %’,}'}/784

PCT/ | B99/ 018@iples thetothey emd ofctddeiORs, which all ows the voltage axis to be

aligned with the tran r .function 902,. Fo uch cifgcui.ts he vql.t gge
anpliuds of the appt e ah bR aRe i BAeonr o i it sl ks oy e

t he oper at i Npheeiatibn 6f Vahidi iekproistd asW & F(MEwvitnrthdate chariedlfl B8 zERQIVQEs 904,
908 and unstabl e region 906. During_tinme interval O <t_< ta, the anpplitude
of wavef or m 9o erbitrasy aralog Wenefespe Fag: (780 Ysbihp trapsferdinction pLthe pirquitishowm i

unst abl e 1 egrigng 9Bk oufist SateraB6H %uﬁgé &fop-dni}40216 prapbrignd? @ Bt whén@he @l ong t hat
portion of the transfer function 902 that lies in rke)g on 906. Consequently,
t he out put odiffeteatialiveliaget(Vin- Vi) iegigatps thamzere.| Cenversgly bl autpetsatumationng ti ne
interval .to <.t <t~  the form"farces" the operatin oint 10 al ong
e por t7bn Biaghis rrdegrpal o, wBet b difriiel velBed R ieshirat 2y i 7 egi on
904, where the output THe ehliiofis febatihg volsageoV;, ¥V [ahdt@tent i ddewever, it is
noted that waveform 920 coul d have been shaped differently so that the
operating point is forced_into region 908. ing the tinme that waveform
920 is in region 910, a cKsTh v nunber of os&Vilations will have been
produced. These oscillatiaws didn be counted. Any of a variety 15 of nethods
can be used for counting) ";;‘i’n"g?‘p'gl se counti is known in the rel evant
arts. For exanple, a zero-croi{;z\:it ng techni que can be used. This nunber of
oscillations represents i HinQr-HeddoF(i)and hen¢®d region 910 can be referred
to as a first information“tegffon of waveform 920. The region 912 of the
wavef orm can be used, by convention, to separate the information region 910
of one wavef ghéfefisioaphrasitit HaQEERE WRTh cBGId®E phdsert iEthe Gortead witeéad 6fan | n
this respect, region 912 can be referred to as a second information region.
It can be sef9MPIER. wavef orm 920 coul d be shaped so that the second

i nfornmatpon regi on 912rt£3fcir\9@¥§ffl%mtﬁ5%?§£¥ﬁ@ folitRs bMinPbridict Aong @O ARkfG10 of

t he waveform The inportant aspect 1s that the operating point alternate

bet ween the @metiertusve: ddiesropgoiing pointsaresipugd usettineg dY/ G0 Bdanand dirdt st
time duratiog @pe,ofes OfiestieasbaVe) &irdt S AHkh W2%(;)°48 sBhiplify the analysis,

assume that V, is triangular waveform source. The time derivative of this waveform

source is equal to +V, where V, is a constant. Hence, the operating points occur at the

4



25 the transfer function during a second tine duration. A property of the,
unstabl e region of the transfer function is that the nunber of oscillations
varies dep@ighiagre®n the duration of tine the operating po#@f/lﬂsvimﬁﬁrot in
that region. Thus, the longer the operating point remains I'n the unstable
region the greater the nunber of oscillations. Another property of the

unst abl e reghmasebﬁortmt—%d’:reoeﬁﬁammmseﬂina&(ﬂdch&ibmam&ir(f&ncd&panm:ng on
where the op atln (o] i S, al t.he unstabl e portjqn of the tr nsfer
funct i on. ERRAHEDY OF | eV R A Rifoen g nia finghah L exp@erpBpeint Wt | on
of both durabﬂ&ﬂaekﬂfﬂabﬁoms%eﬁnés%d l‘oﬁﬂcélbeb%ﬁd“&’ﬂnﬂ g. VliEe. Qpesasle g poi nt
in the unstabl e region 01/ 31784 PCT/ 1 B99/ 01801 From t he f or egoi ng,
it can be se@almwa eontpu of e sieyibia nprgscliptay.oHewevsn ibthe PRY2HRSROINAies can be
appropri at el Hﬁé’s‘i‘éﬂé iy’ £12 uhste bl i

adusti ngagelt er |t Frsresespan §or |%y§ﬁlgha gfeﬁﬁhof&gﬂ%o%‘ﬁ ﬁuﬁ of
bot h. Thus |nhﬁpglenqmmllapcwn Amgraltlaredmmnm $@02s 2 setich of essplatignsiabthel v

modul vat ed t Gy BERURSIRR I s WARBEREARNIAI R dingkR) Endadpe £ Vel ©

c2), and A3 eak ptrodu corres
osci | | ati onsstable ppmt)ngmmmtawnmsoﬁanhdnd theepnrath\hlpmmscndm sﬂdpe2 basmstabler a

t hr ee- synbol hab (Mol b nul ¢k cycl e
wavef or m of ?%%n é‘r‘s V\%vgei‘s eacghlﬁ%@f’%ﬁo {ﬁtFﬁ)rbprl A8 %‘ggk&ers th‘th

11 showsi@ ctimef i=g+C\4t i This ks ﬂlaaosplllllammslvnk be vbsenkd bnly WHeR dVy/dtlie negmiué at ed
Here, the dugati f. the.wavef or.m can .b uce a_.desired nunber
of osci 11 at i ihen Sy ispeYeaS paRABlAEy Eoestly ISuReery ol BRI BRI 111 has
a dur ﬁti onf dsioy%ﬂﬂie &bmdt;cieﬁlog si‘ghﬂsnhc BpHi‘hﬁi’g pintsXdan b8 giolved(fero@l”) betweenc! e
c2, the in ormatlo

s a duration d2 t hus produces a
Casoni’ nunbeltenastable aSEuekie giens s ok iy perads of prcflatosy afnd-
information pRPiatdiy wihsmhamﬁ ﬁHEl?duit@ﬁa\ﬁiri’gaﬁSjalab&i tm@ﬁuﬁmmicuava; figd 1 S

nunber of _os ation t he ener a se, the kind gf waveform can
vary fortton cgb@gglgtszoppﬁgﬂﬁ@ﬂl WFYF ‘S‘i‘t f°r6%?cp’€°‘rfWésW%r m may
be si nusoi dapeintBeBveea stabRasE umawéxegm CBY c&ﬂp@ls&g lr'éféx?m@’@d’?xfs .0 £nd 9B
configuration is shown in Fi

. xlcle ,..a_wavef orm 1202 conprises a
si nusoi dal wéey 8regnometti l&?ﬁ“@éﬁ?’@l%‘é@"’% fving anciNtshansd trapsiercuns operate by

oscill ations,, U dRfof AR Ghplle@tah W epend on factors such as
anpl i tude of etu'gegl nformati gnglr%eb%on oggﬁwe el\l/c\(}a"\}g for n{) whi ch di ctates where
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| ocat ed d/ n I s how
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there be a 30 corresponding circuit has stabl e regions and a

unst abl e r egP¥MPR %Fe@@mtﬁgat WRHORImePRSId te PRAERIPREL W wﬁy vhsp %‘é/dt is

sel ectively {,gi.a¢d between the unstable and stable regions. In practice of
course, appropriate channel -optim zed waveforns woul d be selected to
represent synbol s for Raferringmenstodrigs. A4 anéh 8B, the disussign ines, topn explenstipy ed

transm ssi ongpgyf grgm%ry anmg QR rfiean be used to carry information for N-shaped

30 transfer function curves. Recall that an arbitrary waveform can be applied to a circuit

having the foregoing transfer function in a way that produces oscillatory or non-
oscillatory behavior at its output. Consider the arbitrary waveform (in this case a

sinusoid) 920. For illustrative purposes to facilitate the discussion, the timescale is shown



PCT/ 1:-B99/ 01801 into the input of a circuit as descri bed above. The
transmtted information can then be extracted fromthe resulting

osci | | at orywoangi7epn-osci | | atory behavior of the circuit. pghgged tage lies
in the ability to select sone arbitrary conbination of arbitrary anal og
waveforns to represent information. Such information can then be

t ransmi t t ed obyhesvsktival gy whishaillowsthewnltage axisdo hppligned with theftansfer funetions si on
by conventi %tzal nmet hods. Hence, any conventional transm ssion nedi um
wireless or"Wred) can be used with the invention. This invention has been
expl ai ned with ref er eRamssutlocigpits; ithe voltegeamplitedetof the@pplied analiog dignairis thewi | | be
evident to those ., of ordi.nary skill in the ar It 1S therefare not 10
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a known but ChRBYafe? §2°arfa'rcs§’ QRFAARPOIRT &4 (e GiFcitptp Fheamatabls Fesm 406:
operating paidt speeHicaRY,ithdopdrdting _miesfawagwapo&b@am& flnsFR furl¥iog Dot abl e
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sensing of said first Tnformation regron, forcing said variable 9 operating
poi nt t d0vaelpng themogtign afdhe tvnsfen fuactinndhatliearin Bis eass, in egion @04, wheresthe d
unstabl e 10 i ' : | | sai d
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oper ati ng pbavebeenshiped ditfersntinsd that theopesatingpgindis forgediintraregion 90%f or mat i on

region, forcing said . I i : LY.l i r one of
said stabl e operati ngéggg?g’hg%?‘%%&&ﬁ%@%@ﬁ#ﬁ%@ ascglltg gﬁkéerg)gt one
osci | | at i onowdilldtions wilthavsibem;spdubsd.vm'ebmlla&pmt dan b¢ c@intedg Any of 8 xadety

term nati.ng alternate.. 1 2. .The t hod according . laim 1, . wherein said
“anal og \txgvef’gmﬁogs?ncbfé’ﬁ?dcfgﬁmufg%’S‘Fgeep‘aréeﬁ?c:1 mlgg?oal n%“(ﬂ%?[gi ‘'sai d
anal og wavefFor eranple; e lzerotorabsig techiigiidvan e asga. Fhissiuntbendf oséillstionssoi dal ,

ranp, asynmmetric, s$awt oot h, uare an hanpel 3 optim zed synbol.. 1 4. The
met hod accofresgnts ﬁﬁ’l’%t‘ﬁ{"laf‘aaﬁﬁé?&?'&é%&aﬁﬁﬁfegﬂ“\aé‘?/ﬁ%ﬁﬁﬁ ‘i“é’“?até%l i cal and
wher ei n sai gegiotCéfaravefditnrg2e.eThe reidh 932 6f thelwalefoiiéanbe vweddp byt dnvefifon, @

i ncluding tinme-varyi, channel - optim zed synbols. 1.5 The nethod, according
to clai m 1 WREFS e dafpERation pegian 510 08 o3e wayelo o theriaformation segienot e k

anpl i tugg Ohedlwdvetth. LEthe reed, RBNh IVt Bfefred ldsWBedofid thformation
non-oscillation. 1 6. The nethod according to claim1l wherein said circuit

i ncl udes a 2egirmydi rapde;sagncthativavetorm 920 eouldibeshapsd so4h#) theseeond infommatioat i ng
region is arék‘?&?élizvcﬁwgavefo}éppgil:ésd%%ﬁi%‘infﬁ)gz{doﬁ%gg[im@@]af@neiW@féﬁrﬂ?%éegi on, and

wher ei n sai d operating poin orced into said unstable region by 4 a
time varyi ndmpertant aspeeirgthat the qperating ppint tltematechedvesnile unstableaegion 9QGadr ei n
said circuit,] ; | a4 | i i l A k, and
havi ng seri térgh #%p%@ﬂ?gaéﬁﬁ%e{:%gm to“rr%@' #ﬁgﬁé?ﬁhigwéé Le sothgg{)zggggg?ati ng
regi on i2§ a thectypmsfer functian diriag ¢ eccondjtima duration.wher ei n sai d 4 operati ng poi nt
is forced into said u LeR . [ : {ed to said 5
capacitor. 1 8. The rréﬁ%%hg(?gg‘g mgd? %%gﬁg?%f%%%ﬁggéﬁm&?cuit

i ncl udes a 2umbeaifiosallatinne varies depehding nn thealuthtinn of tige theoperatinggaint is keppugh an
i nductor, whepejn _sai t abl @ oper.ati J: i I | npedance
regi on, and* t’éﬁwnsil‘%’ﬁ'gz?%%ﬁ? r?)t%'lgrﬁ&g}tée (l)r?sgre] iu?il 0 ggélgllao\ﬁﬁnﬁétable
regi on by a gedasenthenmmber ¢fstiliajamk.i Adothérrpreygity ofithd ubstabielregionris thit the The

met hod cordi to ¢laim1l wherein said,circuit i.ncludes 2 . tunnel diode
el enent f%%and‘“ﬁ‘gg'i Hfgsd ?‘f°€§v‘i"'ffﬁ(aﬂ’ef’ﬂf’58€1whﬁﬁ HRFEANBE POWéPglf‘ﬁﬂ?ai d unstabl e

unstable portion of the transfer function. Consequently, the number of oscillations can be

made a function of both duration in the unstable region and location of the operating point

in the unstable region.



3 operating region is a negative inpedance region, and wherein said, .
operating point is 4 forced into said unstable region by a changi ng current
applied thggygh-sai d inductor. 1 10. A decoding system f ti'ng

pul ses frgﬁlaﬁgvgg waveforms 2 conprising: 3 neans for régéﬂsgﬁggﬂ known
but arbitrary anal og waveform each said 4 anal og waveform having a first

i nformation regi on androm the E6rogbing) itQanBé ke thabthe Hifornfatian edgidn 910 othh h @
vari abl e operati gng‘E"Oi nt and having a transfer function 6 characterized by

an unst abl e 3BHeE 9 4% R #PPORARER “BRePed e producad sivesiyaimher ofy 1 egi on and 7

a second st %migam%?aa&eng EitHePls tiffe Sl?ag%gi {tSitiape PRI % (AR ¥ LR,

sensing of said first information re nto 9 force sald varl abl e operati ng

poi nt b][ o varfhus in Kigdid), a triangylar Wanciormpld02 carobe mfovd&tdquTd@lﬁateditmpmﬁlami d
osci | Lat Pon ot ikeel lhudsh REAIMGE 48 oleRiah afS; @5 b} Enlilbes® 0,

oper ati ng perotucesanmrespodding nombér df esailiptibfis, ny mb, haed ny. eSpecandie veent thissensi ng of
sai d second j nf ti ion to farce id variahle 13 operating point to
vary into. eivmihgRisiie d G Ik Aok, IfoimPhftiefth iRk |

term nat e samdti-aycle eastformmnef teianguldr ataven) eavhthhving an appropriateipeak eddae. wher ei n
said initiating and 15 sajd term nati al,ternate. .10 1784
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peak anplitude of at |east zero to a maxi num refative to ndn3 oscillation.
1 15. THE sywmbenfeseil#iong to claim 10 wherein said circuit includes a 2
negative inpedance el ﬁﬂﬁé‘h%st%%ﬁédﬁ:l\%séﬁieq(i Lﬁnﬁ?ﬁi%ﬁﬂm%_@b@‘e!& a

negative 3 i npedance region, erein sald operating point 1s torced

into said uitlarentcThusginadirgsgyde.ghe waveforaymaye sinyseidals T xery next16. The
syst em accorgi i red. i i - . erational
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In practice of course, appropriate channel-optimized waveforms would be selected to

=

represent symbols for transmission. At the receiving end, the received transmission is fed



V] cMaV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca] ca]ca]ca]c
Oa/e]&ca]jcz;] ?aM)(o))ﬁ'ihd-g+ S, .]..//n0Ox001l 112p2u2| wr mhc"Y] sed/m3d/ei@9ica] cal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca
] ca] ca] cal u2222?33Ws56b667° 778 9€9:1:::<== =;

=== >>/ W@)@@ﬂicfmpu!\pfcal}‘w]asd]:scaberbe]bowq dﬁ]ectah&m&t]:d:m]’am]ana] m]then]hw] calcalc

1 LR e R

] C a] ca] ca] cadwntagaliesinahd ahilitg ad ﬁﬁcﬂm&}mam&bmbﬁlﬁﬁdmﬂadﬁ

c aU] caU] ca] (Wé]’%’h‘f’(f%ﬁ%%}‘% }‘ %&M@ﬁéﬁ%‘%‘]‘%@g] : a.h (gﬁ: 21;1]: 21;1]: 21;1]: 2}31

] ca! " " aKe Nc BXReStRRRRY b HE WRIK Xfe[applopie fdrh‘ﬁﬁ@mssmﬁthyj cdniedtibsidntellgda] ca] ca] ca
] ca] ca] cal] cal] ca] ca] ca] ca] ca] caJ cal ca].ca] ca] caU] caU]jca] %a] cal calca]ca] calc
a] ca] ca] ca_tienfe: auyaonysutional transmission medugrVIGless Py BE! faesdathghe () -
10%0V&; () - Sk GREAGSAVE: () - 3@ 109 () -yf 10%W& () - 310%w& () F

10%VE () -3 109V’ ()-.?PaBF &L0%VE ()-!;# 109%& ()-gF
| "> 10%v& () -1 10%v& ()mim@)hagbecn explained with reference to specific embodiments.
10%VE. () - PJ ¥Ry g,m

10%VE’ () ) ity < ??ME%%’B&} + ol e M G L"n%%l&m&mffn L RV
F= 10%\/&16) Prterdedd tha) ﬂmm%mor(x )»e B@!tgcbmt(a; mdxcatcdhw@apmm&cl@my sY
P10% " & ()-!sY 110OW"& ()-@OW & ()-,9 10%W & ()-z!s@O%W & () -
0/ paBmbC&10% & ()- 10% & () - S10% & ()-s 10% & ()-!, & "10%" & ()-ySf
109% & () -it 8dENMDC %40% & ()-SL$10% & ()-&" 10% & ()-f 110% & ()
109% & ()-&10% & ()-8CQdEMDCF. 10% & ()- “- 10% & ()- +10% & ()-&L*10% & () -
(10% & ()-fL' 104 & ()-}"edE:/ 10" 10" F:s10% & ()-810% & ()-
610% & ()-510% & ()-9110% & ()- "0



109 & () - HzxY:/ 10"10%& ()-f 10%&' ()-yL! 109%& () -
1098 ()-z! @O% ()-YZ10%&' ()- 10" Z }A?2:/ 10", &10%&' () - z$10%& () -

098! 1 1098 ()-!, ! 109%& B: /
10"328 100%6%)‘/3@8%'() @18/&'() @10%%5)() %@ 109%&' () - ‘f‘?%@’“%w() f

= 10"181 1 10%& ()- 'I!1109%& ()- 10%& ()-FL10%& ()- 10 10 103109%& ()-

T"Z"""aB = KITAFHRYE. ADME 19%& () -f310%&' ()- 9 109& ()-!, 9:!10%& () -
&109%& ()-"! ?ﬁgrmm* $&10%&' () - 9SH10%&' () -y! 10%&' () -
fs10%&' () - yf Z10%&' () - 9L3" 10%&' () - Ve YR

RJAE_=
10" ! L1! 1898 ()-s0410% () - 9@@/&@%6“%1{15@5%“11%3@)%&@/@&'() & 'a'b
c'd' n'}' 2bCqh "hglgg,ow&' ()-'@O0%& ()-Fsz10% ()- 10 10

10s: 10%&’ () T3109%&7 () - (() v *+aBbC 10"!L4" 109& () -y

10%&' () - p109%& () -! FLI\/F’!LW with p khown big a(t)lmmi\)vavzdcguysclrom‘dﬂb@

101778, APy 0 bl B
109 () - v$1®peratiyg tegion bowsled by alfirgsble)opsratinegion andwseoord statdah@rating
oo () Sy S SRS S sy vl g Hi iponbiighitioh bid flegend
109: s109& ( )infofrbat®n(regiod;,09& () - 22?33Wb56dELC 10"!910% o0& ()-t! 10% o0& () -
8 responsive to sensing of said first information region, forcing said variable
9  operating point to vary in order to initiate operation of said circuit in said unstable
10  operating region to produce at least one oscillation, said oscillation having a frequency
11 greater than the rate of change of said operating point; and
12 responsive to sensing of said second information region, forcing said
13 variable operating point to vary into either one of said stable operating regions in order to

14  terminate said at least one oscillation without transients;

15 wherein said initiating and said terminating alternate.
1 2. The method according to claim 1, wherein said analog waveform is
2  cyclical.
1 3. The method of claim 1, wherein said analog waveform is selected

2  from the group consisting of sinusoidal, ramp, asymmetric, sawtooth, square and channel-

optimized symbol.

4, The method according to claim 1, wherein said analog waveform is
2 cyclical and wherein said cycles comprise mixtures of different waveform types,

3 including time-varying channel-optimized symbols.

1 5. The method according to claim 1 wherein said at least one
2  oscillation has a peak to peak amplitude of at least zero to a maximum value relative to

non-oscillation.

1 6. The method according to claim 1 wherein said circuit includes a

2  negative impedance element, wherein said unstable operating region is a negative
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10% & () -ICDVEEECFFAESA= 10The method atcording to claim 1 wherein said circuit includes an
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: %N & -10% & () -L109%A & - . . . .
100 & () -nt CHEEICS POBtE A 110 ld vesiblFraien pyacivoains volings aeplef to said

"1109& ()5  capacitor.

1 8. The method according to claim 1 wherein said circuit includes a
2 negative impedance element, and having series input through an inductor, wherein said
3 unstable operating region is a negative impedance region, and wherein said operating

4  point is forced into said unstable region by a changing current applied through said

5  inductor.

1 9. The method according to claim 1 wherein said circuit includes a

2  tunnel diode element, and having series input through an inductor, wherein said unstable
3 operating region is a negative impedance region, and wherein said operating point is

4  forced into said unstable region by a changing current applied through said inductor.

1 10. A decoding system for generating pulses from analog waveforms
2 comprising:

3 means for receiving a known but arbitrary analog waveform, each said

4  analog waveform having a first information region and a second information region;

5 a circuit with a variable operating point and having a transfer function

6 characterized by an unstable operating region bounded by first stable operating region and
7  asecond stable operating region;

8 said circuit being responsive to sensing of said first information region to
9 force said variable operating point to vary in order to initiate operation of said circuit in
10  said unstable operating region to produce at least one oscillation, said oscillation having a

11  frequency greater than rate of change of said operating point; and said circuit being

12 further responsive to sensing of said second information region to force said variable
13 operating point to vary into either one of said stable operating regions in order to

14 terminate said at least one oscillation without transients, and wherein said initiating and
15  said terminating alternate.

10
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2 oscillation has a peak to peak amplitude of at least zero to a maximum relative to non-

3  oscillation.

15.  The system according to claim 10 wherein said circuit includes a
negative impedance element, wherein said unstable operating region is a negative

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

S0 W N =

a time varying input signal.

16.  The system according to claim 10 wherein said circuit includes an
operational amplifier circuit with feedback, and having series input through a capacitor,
wherein said unstable operating region is a negative resistance region, and wherein said

operating point is forced into said unstable region by a changing voltage applied to said

v A WD =

capacitor.

17.  The system according to claim 10 wherein said circuit includes a
negative impedance element, and having series input through an inductor, 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 applied through said

W AW N -

inductor.

18.  The system according to claim 10 wherein said circuit includes a
tunnel diode element, and having series input through an inductor, wherein said unstable

operating region is a negative impedance region, and wherein said operating point is

W

forced into said unstable region by a changing current applied through said inductor.
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