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MULTI PLI CATI ON Cl RCU T CROSS REFERENCE TO RELATED APPLI CATIONS 5 Thi s

appl i cat ivom02/83385 cont i nuation-in-part of U S. Applicati onP&iniBoo®916558, 082,
filed April 25, 2000 (attorney docket no. 19893-4.00US), and is herein

I ncorporated by reference for all 'purposes, BACKGROUND OF THE | NVENTI ON 10
The present invention relates to digital circuits and nore particularly to
clock multiplication circuitry. A clock nmultiplication circuit outputs a

cl ock frequency PR | I ' e il ' f the input
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conponent g9/598,082 ! filgd ApAD2S 2000 ¢attosndyt dockérwt he393+4:0008),and ictmdreine a cl ock
mul tiplication circuit is shown in U'S.  Pat. No. 5,107,264. As can be seen
in Fig, 2insprnoratedby eaferenqgefios ald PHGFES. requires the use of Q1 del ay
circuits to achieve an out put whose frequency is a Q multiple of the input
clock frequency. Atotal of Q1 delayed versions of the |ow frequency

i nput clock are passed 25 BACKGROGNDOBEHEINCENTION6) which responds to

the rjsing edge of ul se by pr,oducin ne . high. frequenc ul se Since
thereltre Q nunbers%BgPTeéWtf“P BhEs ? @c‘gg\’\?lt"ﬁg““ﬁﬁ ?‘%gp%’iﬁﬁla&gﬁ%ﬁ’p@ssi ng
t hrough t&%cl?ﬂﬁﬁ;ﬁﬁ%ﬁ&{aféﬁt&he” Q nunbers of high frequency pulse are

generated at different tines. Al these high fregtgjency pul ses are conbi ned
by an OR gate (40) Atadock mhifiplcatiomatircpifiostputs aclpds foarsacy thadisea teswit of
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frequency is” changed, besides having to add/renove the delay circuits
15  instruction execution at different clock rates.

In a conventional clock multiplication circuit, a phase locked loop is used.

A phase locked loop typically comprises a phase detection circuit, an amplifier, and a
voltage-controlled oscillatory. There has traditionally been reluctance to use phase
locked loops, partly because of the complexity of using discrete components to realize
20  such circuits.
Another method to realize a clock multiplication circuit is shown in U.S.
Pat, No. 5,107,264. As can be seen in Fig, 2 of the patent, this circuit requires the use of
O-1 delay circuits to achieve an output whose frequency is 2 Q multiple of the input clock
frequency. A total of Q-7 delayed versions of the low frequency input clock are passed
25  through an edge detector (36) which responds to the rising edge of a pulse by producing
one high freqﬁency pulse, Since there are Q numbers of low frequency clock with
different delay passing through the edge detectors, then Q numbers of high frequency
pulse are generated at different times. All these high frequency pulses are combined by
an OR gate (40) to yield O clock pulses in response to one low frequency clock at the
30 input.
The number of delay circuits and edge detectors increases as the
multiplication factor is increased. Furthermore, when the multiplication factor for the

same input clock frequency is changed, besides having to add/remove the delay circuits



WO 02/13385 PCT/ 1 BOO 01164 and edge detectors, the paranmeters of each
delay circuit have to be re-tuned. This process is inpractical when Qis

| ar ge. Thetion2i183s3 need for an inproved digital clock multiggdtigeshQaty
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method further includes forcing the operatmg point into one of the stable regions in order
to terminate oscillations.

20 The inventive circuit is advantageous in that its oscillations start and stop
substantially instantaneously. There are no transients between the ON and OFF state of
the oscillator. Another advantage is that the period of the first cycle of oscillation during
an ON period is the same as the subsequent cycles in that ON period, There is no need
for additional supporting circuit elements or special circuits for maintaining standby

25  levels in the capacitor. The circuit does not require any external free running oscillation.
The circuit will generate its own oscillation when triggered by the enable signal. The
circuit is inherently synchronized with the enable signal. By tuning the circuit parameter,
without changing the circuit configuration, the duty cycle and the frequency of oscillation

 can be varied. The gated oscillation at the output of the circuit is not overlapping with the

30 enable signal and therefore no additional circuit is required to separate them.



BRI EF DESCRI PTI ON OF THE DRAW NGS The teachi ngs of the present invention
can be readily understood by considering the follow ng detail ed

descri pti @i dg2nzsganj unction with the acconpanyi ng draw ngfcrasbs/@8es | A -1
C show alternate circuit arrangenents of a typical enbodinment of the clock
mul tiplication technique of the present invention; Fig. 2 illustrates
generally the transfer function of a circuit used in the gated oscillator
of Fig. 1; Fig. 3 illust2HEE REHRERTION OF THEDRAWINGSr angenent f or
forcing the 10 operail |.nt. between.stapbl e and unstabl e regi ons; Figs,
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EMBODI WENTS Referri Fi gs...1A and 1B.. schematic bl ock di agrans
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for receiving a cl ogllﬁ .:Ié:: ut signal of a first frequency, A conventional
clock source 10 is sHevn'MsERIeGEsRsTallyche tramsfer fametionsifgreidenit Asecbintthelt

term nal %Q@d%ﬁngﬁggf qutput signal of a second frequency that ‘is higher
than the tirst freque?(i:%/. I nput terninal 102 feeds the clock input signal

to a pair of gated d¥gil illastoates herabticallytascirkQ# arrdRomdaat %ﬂ%%' at or
104 recei ve non-iﬁtgver ed si ggal_ from i nput tdgrm n t!11%02. Gat ed

circu
osci |%(§it o PERPRE PP ?%WF?R:? gandpnstehl@ Fesdensei rcuit to invert the signal

recei ved at input t@igy nal . he . Fig. 113, i nput, §i gnal

i nver sion, for- gated gog]sfgi Iﬁé?g?aﬁgggg%lp%é&grggsﬁggﬁ% aﬁﬁofflﬁ‘%f’gr‘i'%bra’flz As
w Il be diWeRa®ed bel ow, the gated oscillators are enabled by the input 30
signal. Gated oscilg%tcgr. 18%4 I s_enabl ed en the input si %g‘al | evel is

H GH. Conversely, - D&t dUEsTates mpeasyTepgRis &% o picircyis censtmyetedlin at or 106 i s
enabl ed wiveordahee withifie miventn; heyvel goes LON The gated oscillators both

produge sequences of, pulses. Assunming that the desired frequency
mul tilgli cation factBigsi %A and §Billestrate operation of the present invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
Referring to Figs. 1A and 1B, schematic block diagrams illustrate an
embodiment of a clock multiplication circuit 100 in accordance with the present invention
20  includes an input terminal 102 for receiving a clock input signal of a first frequency, A
conventional clock source 10 is shown providing the clock input signal. An output |
terminal 110 delivers an output signal of a second frequency that is higher than the first
frequency.
Input terminal 102 feeds the clock input signal to a pair of gated oscillator
25  circuits 104, 106. Gated oscillator circuit 104 receives a non-inverted signal from input
terminal 102, Gated oscillator circuit 106 includes an inverter circuit to invert the signal
received at input terminal 102. As can be seen in Fig. 1B, input signal inversion for gated
oscillator 106 can be provided by an inverter 112.
4 As will be discussed below, the gated oscillators are enabled by the input
30  signal. Gated oscillator 104 is enabled when the input signal level is HIGH. Conversely,
because of its inverter circuit, gated oscillator 106 is enabled when the input signal level
goes LOW. The gated oscillators both produce sequences of pulses.
Assuming that the desired frequency multiplication factor is », gated
oscillator 104 is adjusted to produce n/2 oscillations per half cycle of the input signal, In

3



oscillator 104 is adjusted to produce n/2 oscillations per half cycle of
the input signal, In 3 WO 02/13385 PCT/|1BOO 01164 other words, during the

time thatwigw/ssgaut signal is HHGH gated oscillator 104 paaigo@ei164112

pul ses. Simlarly, during the LONcycle of the input signal, gated
oscillator 106 produces nl2 pul ses. The output of each of the two gated
oscillators feeds into a conbining 5 circuit 108. In one enbodi nent,
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Her e, theprogg@e@wygp‘ns@ach gated oscillator 104, 106 feeds into an input of
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the | nputeTBboRREDS, BisGOEOInEE CEGHE seLeiigns £a1Be SHRFLRS SRet smglf ca 15
osci || at %@% chdlfofitd 9&}1%3% 193! £65 2845 intAIOhph Ut thRehMImbOW during this

period of time. The result is nultiplication of the input clock frequency
by a factor of n. |Th¢ esciliations pieducadrbygbegated oscillasonnare ¢qrnbised byon f act or

dil.y. ch K L tipli ' f. . : As wi ||
bacord) ¢ DbiingdERREa0s I upEie DenRtt pithb & Rebietich s OR s ARy, 15 Lk
that gat egequesdy. | Bivel diib 1E fici GEF-paied 6f the aigud Bign2Doldpani id oficlocknabl ed and
gated oscillator 106 produces n osmyzatl,ons when it iis enabl ed. . When t he

i nput ¢l cowltipliesiien circuttd PRcempriaeyshe &/2\aseiiptions e gated ppallaer 1t thy | |
706, vinero nin G EafllopARatct g SLRELAYY Rl LATRR e, B e
osci | | at imifsperiodidf ¢henimpotsi gl atvitportd 10 comprisasthet/2 gacillationsdidm gated 104. Wien
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requency. In addition, this sinple circuit allows not only even but al so
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and 106 can be tuned differently such that gated oscillator 104 produces m oscillations
20  when it is enabled and gated oscillator 106 produces » oscillations when it is enabled.
When the input clock signal at terminal 102 is HIGH, gated oscillator 104 will produce m
oscillations, while no oscillations come out of gated oscillator 106. Whexi input clock
signal is LOW, gated oscillatar 106 will produce » oscillations, while no oscillations
come out of gated oscillator 104, When the outputs of gated oscillators 104 and 106 are
25 combined (summed) together using an analog summing circuit (or an OR gate) 108; the
output 110 will contain (m+n) clock pulses which is (m+n) times the input clock
frequency. In addition, this simple circuit allows not only ever but also odd
multiplication factars to be realized by appropriate selections of 7 and .
'_ Fig. 1C shows a typical use of multiplication circuit 100 in a digital
30  system. Here,2 clock signal at clock input terminal 102 having a first frequency is
" delivered to aigital circuitry 134. The clock input also feeds into multiplier 100 to
produce a second clock input 110 having a second frequency, which also feeds into

digital circuitry 134.



30 system Here, a clock signal at_clock input termnal 102 having a first
frequency is delivered to digital circuitry 134. The clock input also
feeds i ntwomlissgal i er 100 to produce a second cl ock i nputpcrhBoh)eMbng a
second frequency, which also feeds into digital circuitry 134. 4 WD

02/ 13385 PCT/I1BOO 01164 Referring to Fig. 2, the gated oscillator circuits
I n accordance with present | nvention exhibit a transfer function whose
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of the t PB§TatiRg peinhpasitions, 210, 2 1l and 21 ORi Ehemamrédiﬂleﬁﬁtpﬁe@?ﬁélsuaﬁﬁ and 208,
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If the operatmg point is positioned along the portions 216, 218 of the transfer function
20 that lie within either of regions 206 and 208, the output of the circuit will exhibit a

generally time-varying but otherwise non-oscillatory behavior. For this reason, regions
206 and 208 are referred to as stable regions.
Referring to Figs. 2 and 3, a general configuration for varying the

operating point of a circuit is shown. The figure shows a circuit 302 having an input

25  defined by terminals 303 and 305. An inductive element 304 is coupled to terminal 305.
A function generator 310 is coupled between the other end of inductive element 304 and
terminal 303 of circuit 302, thus completing the circuit, In accordance with the invention
circuit 302 has a transfer function which appears N-shaped. Further in accordance with

the invention, circuit 302 is characterized in that its operating point can moved into and
30  out of the unstable region 204 depending on the level of the output V; of function

generator 310. This action controls the onset of oscﬂlatoxy behavior, and cessatloﬁ of

such oscillatory behavior, at the output Ve, of circnit 302. Forcing the operation point to

be on a portion of the transfer function that lies in the unstable region 204 will result in



termnal 303 of circuit 302, thus conpleting the circuit, In accordance
with the invention, <circuit 302 has a transfer function which appears

N- shaped. wiol2iilsgs i n accordance with the invention, circuydr/Booiiss
characterized in that its operating point can. noved into and 30 out of the
unst abl e regi on 204 depending on the level of the output V. of function
generator 310. This .action controls the onset of oscillatory behavior, and

cessat i opSHHatoRy heRayek Forging the onertipg point 10 li¢ pethedrassier Yanctionfoundinui t  302.
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The foregoing circuits can be expressed by the following geheralized pair

of coupled equations which describe a two-variable Van der Pol (VdP) oscillator:

20
Y_ e
L= M
dx
2 =y-¥() @

25 where x and y are the state variables of the VAP oscillator,
L and ¢ are parameters of the VAP oscillator,
1Y) is a time varying forcing function that is controllable and can be used to move
the operating point of the VdP oscillator, and
Y¥(x) is a-cubic function of variable-x. W(x) is the-key for establishing a—- -
30  controllable VAP oscillator.
Equations (1) and (2) relate to the circuit of Fig. 4 by replacing variables x
and y respectively with ¥ and i to represent physical variables that are commonly used in

a circuit design. Hence,



L and care paraneters of the VAP oscillator, f(t) is a tinme varying forcing
function that is controll able and can be used to nove the operating point
of the VdWoapaikdsat or, and 'h(x) is a-cubic function of vadmaBh®@ories T(X) IS
-the-key for establishing a- 30 controllable VdP oscillator. Equations (1)
and (2) relate to the circuit of Fig. 4 by replacing variables x and y
respectively with V and i to represent physical -variables that are conmmonly
used in a circuit qgﬁggnggHence, 6 WO QR/ 13385 PCT/I BOO 01164 L dt =V -Y
(3) linCdV =i-"1"(V) dt4)’ +O dt Paraneter Cin Eq. (4) represents a snmal
parasitic capaC|tor 420 across the 5 voltage V, shown in Fig. 4 by phantom
lines. YSis the tlﬁﬁuy ARaletY t age SPﬁrce of function generator 310

whi ch acts as forC|ﬁg°fuhct|on he operdting point of circuit 400 is
obt ai ned by setting 1/ 0 and da = 0. Equations (3) and (4) becone V = V.
and i = dt dt T(\O res ectively, "(V) is the transfer function of the
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function 202 defi ned by | = V\(Y) reveal s that se

positive )/ 14.ha i ve s|ope (dildv< 0).
When op- éﬁ%aaglfé?fgsg&% % ai s sa uraat eh Eéﬁ%?%s(ﬁ)g“@ggfa?wez 794 and i5f ong
one of the two positive sloped segnents 216, 218. \Wen op-anp 402 is
oper at i ndf (W,rremswely hé=0p6f)as thng:rqnsfenfu:icueﬁ ofithenp AnijewiB Fa! R Vahdkpped
segment . 3L .Lhe erattt1 elp0| n n t he ne atlve sl op ed segnent 214,
oscil | at 8\% FBHRS o4 Vi % B6% ? %Hé’aﬁg?&ﬂﬂ ﬂremanéfer@mmant 400.

Hencpoth@m%ggglly@cfﬁiegm_%q;wnt I s sai d to lie in unstable region 204 as
I s operating point 210. When t'’he operating point 210', 210" 20 is on a

positive sloped seQiemitersactitMbeFedd dh@‘hﬁéyfgly‘ Qx&ﬁth'e%uﬁh%ﬂ% dkfilge the
positive segnments are said to lie in stable regl ons
the operating point 210 of the circuit. A closer inspection of transfer function 202 defined

by i ="¥(¥) reveals that segments 216, 218 have positive slope (di/dV > 0) and segment
214 has a negative slope (di/dV < 0). When op-amp 402 (Fig. 4) is saturated, operating
15 point 210 lies along one of the two positive sloped segments 216, 218. When op-amp 402
is operating linearly, the operating point lies along the negative sloped segment. When
the operating point is on the negative sloped segment 214, oscillatory behayior will be
observed at the output Vo, of circuit 400. Hence the negative sloped segment is said to
lie in unstable region 204 as is operating point 210. When the operating point 210°, 210"
20  is ona positive sloped segment, a non-oscillatory output is observed. Hence the positive
segments are said to lie in stable regions 206, 208.
The operating point 210 can be moved along the transfer function by
changing the output V; of function generatar 310 as it is applied to the input of circuit
400. In particular, the operating point can be moved into unstable region 204 when an
25  enable signal is provided by the function generator, Conversely, the operating point can
-be moved out of the unstable region and into one of the stable regions 206, 208 by the
application of a disable signal. The resulting behavior of circuit 400 is that of a gated
oscillator.
Fig. 6 shows yet another embodiment of the gated oscillator of the
30  invention, Asin the foregoing figures, a function generator 310 provide a variable
voltage signal Vs. This signal feeds through inductor 410 into a first inverter 602. The



The operating point 210 can be noved al ong the transfer function by
changi ng the output Vs of function generator 310 as it is applied to the

i nput of wig@uiiss 400. In particular, the operating point gggnge@orieved i nto
unst abl e regi on 204 when an 25 enable signal is provided by the function
generator, Conversely, the operating point can __ be noved out of the

unst abl e regi on-and i nto-one of the stable regions 206, 208 by the
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feeds through indugtor 410 into a first inverter 602. The 7 WO 02/13385
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104, 106, (al so, osci|lation circuj ts% of Figs. IA 5 and | B preferably
have t hellYSREOT{baS eash efted qseiliaton clenhip4al0f eanhavgie desicnalifferant from the

manuf act | 'Ia?&i | : ver, it is within the scope
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desi gn different fRefertihgnowtttEig. ansh esollloscdpenaie tyshionnailugtratiipc@ewi th t he
invibtio . Refe ringe ow tp Fig. 3 a,g oscilloE&%pe trace i s_shown,
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portion of the trace constitutes the ENABLE signa s Is tolTowed by a
second puignal.oBhistis Eallovendshyl a secend portioDwdivbl denstitgtealthe DESABEEaigmal. t he

functio ngrat put is a digital wavefor For, exanpl.e, a typical

di gi t al %ﬁ@’&%& r%ﬁ% 99“;&158 éﬁ?ee’aﬂ%\‘}‘étggfﬁé i} dé%‘ai H’&W%?W’H- FEP@ ?'xaggplha ‘?@wﬁ’gt ed t hat
typi cal | gigitdl Waaviforg igiatsabiare@ivRe @ich A9 shbwhén FRY M fsinetcd ARGySiERILY, e axi s,
since the periods of ONtinme and OFF tine will depend on the nature of the
par tliSc ul digitad pyavetorm Wil b asymamegtie along shactime axis, sincerthe pedodsoftN timet put

vol t age - Gl rauit 4 . Cler CUl-t, begins to

osci || at%(a\l/{\?%ﬁ{]%l% i‘ﬁﬁ?ﬁ?@?@h@ﬁmﬁ@ P g@‘éﬁ’?@% m#%gplbc(sélg?ﬂégﬁeﬁgedconti nue for
20 the dyscilletoon of the enable signal. It can be further seen that the first

period T1 of the first
Trace 2 is the output voltage V,, of circuit 400, As can be scen, the

circuit begins to oscillate when an enable signal is received. The oscillations continue for
20  the duration of the enable signal. It can be further seen that the first period T; of the first
cycle has the same duration as each of the remaining cycles, Ta. The pulse width can be
varied by changing the circuit parameters Rg, Ry, and R; or the op-amp DC bias V.
When the disable signal is received, the circuit stops oscillating instantaneously,
As an additional observation, the location of the operating point along the
25  transfer curve in the unstable region can also affect the period of oscillations of the outbut
of circuit 400. The location of the operating point within the unstable region (and the
stable regions for that matter) can be determined by adjusting the leve] of the forcing
function. It can be seen, therefore, that different oscillation periods can be attained from
circuigda b;' applymg an enable ;1&5 of mft:;rentgra; ﬁé_g—ét&:;ﬂlator in
30  accordance with the present invention can thus be made to produce different pulse widths
by the use of a function generator in which the level of the enable signal can be
controlled.



cycle has the sanme duration as each of the renmaining cycles, T2. The pul se
width can be varied by changing the circuit paraneters R, Rl, and R2 or
t he op- anwg¥z/iBssas Vcc When the disable signal is recei vagrisbgoQss cuit
stops oscillating instantaneously. As an additional observation, the

| ocation of the operating point along the 25 transfer curve in the
unstabl e region can also affect the period of oscillations of the output
of circuit 400. The Seredhe Hicing fungtiondha preseptinyentionis hielacl impui(8: Bigl e
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shown as an analo unm circuit. Gated oscillators 804, 806 can be.
real i zed V’ﬁ‘dngh% %6:12;} ﬁgk’isﬁ?ﬁeo‘fhet"ﬁgmé' PELFigs4 IRsdbon ptpsgillators. 6. |

this case, the ciTcrhd clbeofpli Senaf 803 FUSEAPEAAOLT s 6 e clock
i nput si gIgl.aI 802 fromi npu{ﬁbcl o%:nK 10 iﬁg shgvvn ? n Tr gce%?glg&ésm &
ig. 8B. Each clock cycle has a period T, and comprises a first half-period portion A and
20  asecond half-period portion B. The clock input feeds into gated oscillator 804, During

clock portion A, when the clock is HIGH, gated oscillator 804 produces a sequence of

oscillations at its output 820. In this case, the parameters of the circuit of gated oscillator
804 are adjusted to produce three oscillations. During clock portion B, when the clock is
LOW, there will be no oscillations. This output behavior of gated oscillator 804 can be
25 seenin Trace 803.
In accordance with the invention, clock input signal 802 is fed into inverter
812 whose output is delivered to gated oscillator 806, During clock portion A, when the
clock is HIGH, the inverter output will be LOW, and there will be no oscillations at the
output 830 of gated oscillator 806. -Conversely, during-clock portion B; when the clock is
30 LOW, the inverter output will be HIGH, and there will be oscillations at the output of
gated oscillator 806. As with gated oscillator 804, the parameters of the circuit of gated
oscillator 806 are adjusted to produce three oscillations. The output behavior of gated
oscillator 806 can be seen in Trace 805.



Fig. 8B. Each clock cycle has a period T, and conprises a first half-period
portion A and 20 a second half-period portion B. The cl ock input feeds

i nt o gat edgopaizsdsat or 804. During clock portion A when tpeg/Bh@eked S H GH,
gated oscillator 804 produces a sequence of oscillations at its out put
820. In this case, the paraneters of the circuit of gated oscillator 804
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di f f er endiffenéntilpiel ofienabie digm by snodifyiegthe 1621 58 of Rk st addi tion/ renoval
15 of conponents, "Al‘ di.f ferent multiplication factor can be obtained by
tuning t he he inventdon requires only that an enabling signal be provided to “force”

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

Another advantage is that the circuit generates its own oscillations when
enabled by an enable signal. Consequently, this allows for significant reductions in
power consumption in digital circuit applications. This is especially advantageous given
the low power requirements of many of today’s digital applications.

25 Yet another advantage, the circuit is inherently synchronized with the
enable signal. By tuning the circuit parameter, without changing the circuit
configuration, the duty cycle and the frequency of oscillation can be varied. The gated
oscillation at the output of the circuit does not overlap with the enable signal and

therefore no additional circuitry is required to separate the signals, thus realizing a
30 _simplification.in the gated oscillator cireuitry.
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conponents (e.g., Rf, Rl and 122 of the gated oscillator) or op-anp DC bias
or applying different |evel of enable signal by nodifying the | evel of the
cl ock sigwa o213k i nvention requires only that an enabl i ngpcEigoah11be
provided to "force" the VAP oscillator to oscillate and a disabling signal
to stop oscillations. These signals 20 can be readily generated by any of
a nunber of known circuit designs. Another advantage is that the circuit
gener at eWHAT IRGLAIMBD I§:i ons when enabl ed by an enabl e signal.
Consequently, this allows for significant reductions in power consunption
in digital circuit ;appligatio his is e cially_ adyvantageous given the
| ow power requi r ement s o‘g 10F e areagy @ cetipn ghas inpat signad havisg Yet

anot her - gestaignabRvell 44 Lieb6AH digrad 1 LEediw. th the enable
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osci |13 at firsheydleirinclgdinigdn¥ertisg saidinpat §ig@dl tepfddasd af iwkRe@icsaladg ! si gnal
and no osc¢il!ations duri néﬁj‘ﬁ]e sggond hal fpof said b5 ?i r:gﬁﬁgyg;f%b,ﬂﬂ-}g

i ncl Wdi ntf4 BETERSigatidoan frrut of @ preond escillatiompitoussf and f i rst osci | | ati on

circg t; 6 produci : | ' i | .hayi ng oscillations
durillr?g the 7 fi rstg&ﬁgln?&g s%*lsg&ﬁgrgségﬁ%g eegﬁge %%%kg’%@ggcéiaﬂ%‘%ns
durillg asigra} bavinpalsktcandofrequehcysthatis & rhultiple of waideirst f_mjueﬂ%y)g inverting said
[ _np:@ signal to prgd ce.d;;m Jﬁv.ert,ed,m gnal and feeding 9 said inverted

si g4l to an input SHAQSEIAHOR SEFUT Bavingan - eResating PoiRgvhigh ¥amesi ni ng sai d
firss angbpesdifgdn ithd RVEESH | ; t At '

havi ng a Second frpqueﬁwﬁﬁgﬁélgpgé%wieg Igﬁﬁs%cg?hﬁglo?gﬁt%%é%@@g 12
eacH4sai atrasésrifaeatiopreheractenized bnhiivige amungishlabpergtippregionbosided by hes 13

d di f th ' [ I y h id . i1l ati
cirast ol Ralr Gpereithe ebion 8 4 R e iainbr g aeioned et S havi ng an
unstgbl gro@eksbsdillatoRobRPutiPEAGRE dhéraling point is varied into said unstable region

17 and said circuit has a non-oscillatory output when said operating point is varied into either

18  of said first and second stable regions.
1 2. The method of claim 1 wherein m is not equal to ».
1 3. The method of claim 1 wherein m is equal to n.

1 4., The method of claim 1 wherein m + » is an odd number.

5 The method according to claim 1 wherein:
said operating point of said first oscillation circuit is forced into said
unstable region to produce at least one oscillation when said input signal is at said first
signal level, and'said operating point is forced to vary into either one of said stable
. operating regions in order to terminate said at least one oscillation when said input signal
is at said second signal level; and
said operating point of said second oscillation circuit is forced into said

unstable region to produce at least one oscillation when said inverted signal is at said first

W 00 9 oyt AW R

signal level, and said operating point is forced to vary into either one of said stable

11



15 first stable operating region and a second stable operating region so
that said circuit 16 produces oscillatory output when said operating point
is vari edwig¥2a3seai d unstable region 17 and said circuit has/®oo/n01164
non-oscil |l atory output when said operating point is varied into either 18
of said first and second stabl e regions. 1 2. The nmethod of claim1l wherein
mls not equal to,n. . The nmethaqd of claim V\,herelnlnls ual to n.
4107 OBRR R FeBIORE PR VAR BFER S 211108 AYFIGRRPP MBS Yz The
rrethd {ein: 2 said operating point of said first
osci aﬁggﬂlgé ?%S'l&t)selﬁéﬁq gggnto said 3 unstable region to produce at
| east one oscillation Wnen said input signal is at said first 4si gna
| level; and said 6peraﬂ’|hﬂglepimdmf claimflowhmdintsmidmngbining inchudenfredimge of said
stable 5 o I‘atlclil ons |ntorderlt? {Prélate sai d at {east one-
osci 14 at?% R %308 Fr?wﬁﬁ‘edéq GiEres @ ‘?an& oL 3 SHIERS HE Y gnal | evel ;. and 7
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8 unstabl e region 7o prqdyeetlaid dfeksh 10Mkeroiachidl cdibdminphieudaiaddingver t ed
signal is at said first 9 sj (%nal | evel, and sap%soperatl ng point is forced
to vary said Grsépnd sscopd inteamedintysignaliing inputaof gp ORoeale pPCT/ 1 BOO 01164 10
operating regions in order to termnate said at |east one oscillation when
saidjnverted 11 sggnal ;Trgénemoa%éora%gqaelaﬁhqwa&ﬁ\b%ofaaléoscﬁmoﬁet hod of
claim 1l wherein said conbining incl feeding 2 . said first and second
i nt erzrredcmms snajudes sn iopewtiong amplifer crcvitwithiigedhack,said one of seithe net hod of

cl ai n sa conbi ni ng i ng des f eedi 2 sald f nd second
inte ﬁ%%gpﬁﬁg‘lngs Wi%%%‘ﬁ E‘pB# #‘{9901'1 3147%?5?138 accor di ng
to c|4al %ﬂeré’di@z%i@n@@@n@gfab&@k&xs&ﬁ&b iréoaén and w&e&ﬁﬂ&ﬂdb mgpuimss an
operational amplrfier circuit with feedback saj.d one of sald 3 oscillation

ci rcdi t sforcediinty saidsenstable regiontbyiaAhaBERE XA WB@(ﬁREh@ﬂfto spitbindustos 881 unst abl e
4 operating regi Onv/hérefh A€ Itek staﬁféécgﬁa%%ﬁ%u & {ABludaldh NBRERHIviRG! d

operating point is orce 0 sal unsta e region by a changfng
vol t gge mypptiveiingedasae shid pthee bmﬂlab@nahreumvhmeg A serlms mputelnroogh smi d

oscillatiqgn cirguits |acl ud@g an el enent .havin 7 _negative. rrﬁ.a%ance, sai d
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wher g N GRLENWART Gk Rin2Ridlis Rfcddafiiodid Enskbie@gion'ty 4 chaagagesrremgi on, and
10  applied through said inductor. )

9. The method according to claim 8 wherein said element is a tunnel
2  diode.
1 10.  The method according to claim 1 wherein at least one of said
2 oscillation circuits includes an operational amplifier circuit with feedback, said at least
3 one of said oscillation circuits having a series input through an inductor, wherein said
4  unstable operating region is a negative resistance region, and wherein said operating point
5

is forced into said unstable region by 2 changing voltage applied to said inductor.

11.  The method according to claim 1 wherein at least one of said
oscillation circuits includes an element having negative impedance, said at least one of
said oscillation circuits having a scries input through an-inductor, wherein said unstable

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

th b W N

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

12



9 wherein said operating point is forced into said unstable region by a
changing current 10 applied through said inductor. 1 9. The nethod

accor di ngwign2absism 8 wherein said element is a tunnel 2 dicadgoo/d11dP. The
met hod according to claim1l wherein at | east one of said 2 oscillation
circuits includes an operational anplifier circuit with feedback, said at

| east 3 one of said oscillation circuits having a series input through an
i nductor, wherein said 4 unstable operating region is a negative resistance
regi on, and wher ei i2sai Thepestiadd sgoydingo clfm kKl Wheremndsaidxlementiisl a mosiehbl e
regi on by, a changing voltage applied to said inductor. 1 11. The nethod
accor inéKQS'clain1l wherein at | east one of said 2 oscillation circuits

i ncl udes an el enent havi ng negative inpedance, said at |east one of 3 said

osciliation circuitig, hay feqRne@fiiu®plicaet citdWitdsatbrafigt nduct or, wherein
said unstable 4 operating region is a negative inpedance region, and

wher € n sai d oper atisignabispnt teimsinal fop rasetyingnaroinput dgnshbaving e firssgi on by a

changj ng.current applied thtough i d.inductor., 12 02413385
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f r equencsaid sighal inpwitermeinglnand fisthereaving an ewtpwl gnal | evel and a second

fiaggi eI gvg! ;gngl af:. m&ni}eggxg%'fchktgufa{éﬁa laﬁiir u{c%y@?%&@ﬂ%c&@ghgfﬂﬁélﬁﬁ%&% av;[ (r)lg an

out put ; §gRdl ihput@érithalCardofither Rvinpanasutputput coupl ed to receive a signal
fromsaid 7 signal input termnal, and, further havi an out put;

8
secorfd oscillati pnaé?“r%dioﬁdﬂ%@%ﬂf%‘ﬁ haﬁgxgtand_aatﬁweapl@@?q ’@G&‘Wé“ém’eﬁﬁ_@grted
9 sl gp?' sibhA oA bdd Bt be d RQbfer dRCEH! &id f&thxLHatvincggdjxgold; tl g having an

out p "N ng clrcuit I'hg an 1 nput . to receive
signgl s from sai d atémbittipyitiscuitthayvixigchndsput doapled o piceiveisignalsSedni saidnbi ni ng

circuit further, having a si.gnal oufput,. 12 termi.ngl, .13 each sai
5611l o PURIE o U ORI <610 GRbirF e Srier hivin ASRoALO R 14
unstlazbl ete?rﬂﬁfaﬁti ng regi on bounded by a first stable operating region and by

a second
13 each said oscillation circuit configured so that its transfer function has an

14  unstable operating region bounded by a first stable operating region and by a second
15  stable operating region, said transfer function defining a set of operating points, said

16  operating points being dependent on the signal level at said oscillation circuit input,

17 each said oscillation circuit further configured to produce oscillatory
18  output when said operating point is varied into said unstable region, each said oscillation
19  circuit further adapted to produce a non-oscillatory output when said operating point is
20  varled into either of said first and second stable regions.

14.  The circuit according to claim 13 wherein said operating point of
said first oscillation circuit is forced into said unstable region to produce at least one
oscillation upon receiving a signal that is at said first signal level, and said operating point
is forced to vary into either one of said stable operating regions in order to terminate said
at least one oscillation upon receiving a signal that is at said second signal level; and said
operating point of said second oscillation circuit is forced into said unstable region to
produce at least one oscillation upon receiving a signal that is at said first signal leve], and

said operating point is forced to vary into either one of said stable operating regions in
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order to terminate said at least one oscillation upon receiving a signal that is at said
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second signal level.
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15 stabl e operating region, said transfer function defining a set of
operating points, said 16 operating points being dependent on the signal
| evel at @@ ¢d@sesillation circuit input, 17 each said osqidi@bhéenesei rcuit
further configured to produce oscillatory 18 out put when said operating
point is varied into said unstable region, each said oscillation 19
circuit further adapted to produce a non-oscillatory output when said
operating point is 20 varied into either of said first and second stable
regi dns. 1 14, Thel%i r clihe ciaeubacgriding to daim; 19 wheromapid spmin@esyerids ng
poi n Ofasu%ﬁ;r%%xi dchjc'h{tst oscillation circuit is forced into said unstable
regi 6n to ce at” | east one 3 oscillation upon receiving a signal that
is at said first signal level, and said operating point 4 is forced to
vary linto either ohe of Thatiodtaebmlgpercddimn} weekinrsaid combiding dwuités m nat e
said_ 5 at_J east one oscillation upon receiving a signal that is_ at said.
secord sﬂng(ﬁglgaﬁevel; and said 6 operating point of said second oscillation
circuit is forced into said unstable-region to 7 produce at |east one

osci lyl ati on upon regei virRgcReit ARstdidd @ cldih B whdkfh dre'cTlsaidl fa0dnd Q! . and
8 said operating point is forced to vary into either one of said stable
oper &t i ngeorehesoiiktion chcuitsiacludes a Srstrnegative fmpefiance ¢lement, vhereiw 83id| at i on

i vi j gnal, that .is at said 10 d_si gnal . » WO
05 1326 Smeiehle et R Taon S & 615 sepcdR nr Rt ek AL Phcioih e baerng'e)
sai d 400;@@&%@&& 1t daid Snstbl@ réﬁc’iﬁ‘i:ﬁﬂlc%ﬁ%xﬁlliebel of akBeeivéibsighdlcatid accordi ng

to clai wherein said conbining circuit is 2 an OR gate. 1 17. The
circdit accordi ng whereinahenott®r ofiemé first endsaid secand opgiHationseieruits inrludessecond

osci llation cjrcuj.ts.include fir Ve | , wherein
sai d 63 Lﬁsﬁ:%‘b‘# %eggbg$g{1perd8n€ee§$§ﬁn {I’ gag ogcﬁg%idnn%ﬁwggﬂg%gggﬁﬁmr egi on, and
wher gi n tﬁﬁuﬁh@ﬁ%@bﬁdﬁgwhéreﬁfhm unstabl@opaatingegionds anegmivatimpedange on by t he
signal level of a received signal; and 5 whereip the other of s id.fgi rst

and $Sai deglescid Wasseinisaid eueTatingRATtdSs foresd iatessaldunstable e a f

i npedance_e j k Lon circuit having a series input 7 through
an i %ducct%gfggﬁgggflﬁ%sé} gaﬁ!ri]r{sé[ug% 'e operating region is a negative inpedance
8 region, and wherein said operating point is forced into said unstable
regi qn by a changi¥fy 9Theiciravitacaprdingtd ddinolipwhergindsaidishgondnegatives. The

circuit according to claiml17,.wherein said second negative
impedance ciement is atunngl diode: 9

1 19,  The circuit according to claim 18 wherein said oscillation circuits
2 each includes a negative impedance element, wherein said unstable operating region is a
3 npegative impedance region, and wherein said operating point is forced into said unstable
4 region by the signal level of a received signal,
1 20.  The circuit according to claim 18 wherein said oscillation circuits
2 each includes a negative impedance element, said oscillation circuits each having a series
3 input through an inductor, wherein said unstable operating region is a negative impedance
4  region, and wherein said operating point is forced into said unstable region by a changing
5 current applied through said inductor.

21.  The circuit according to claim 20 wherein said element is a tunnel
2  diode.
1 22, A digital system comprising:
2 first digital circuitry; and
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2 inpedance elenent is a tunnel diode. 1 19. The circuit according to claim
18 wherein said oscillation circuits 2 each includes a negative inpedance

el enent, whanakiksssai d unstabl e operating region is a 3 negatigy§oirgpedance
region, and wherein said operating point is forced into said unstable 4
region by the signal level of a received signal, 1 20. The circuit
according to claim 18 wherein said oscillation circuits 2 each includes a
negat idve i npedance &3°Re Aigitakaiicyitosererativeivonouplied twsaid sy digiabeirawding seri es

neoat e Tioeaand B g bty i R A TG point 1S Tor ced

into $ai d unstabl e sadidipitabylock mmplen@myisttigt r ent applied through said

i nductor. 1 21. The cjrguit according to claim 20 rejn said elenent is a
tunnel® 2 diode, 1 %ii%ﬁmpglf feéfplf@ﬁt"(’é?ﬁe}f’é‘?ﬁﬁ Flork _g&g%aﬂn,gsat xgh Frausncy,
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operatively coupled to said first digital circui , sai d second digital
circuitry incl udi ng2 &rsiioggillationafirouit hawihg apirpet couplesitodeativy & signad ook

mul tiglier. risipg. 6 clock i t terminal for receiving a clock
si gn:';t Lagy}cﬁcag%ﬁ%ﬁgﬂnppggagagﬁﬁe}ggvgxgﬁnE%Etk si gnal hal/?”ngga first signal
| eveljpand a second & @Ratter| ¢k havin@ad inpSt codpiad!th aédedie @éi%ﬂé’hbnhﬁ‘i’d ng an

i nput coupled to receive a signal from "9 said clock inpu ermnal, and
furtHér raeckrigpuiicmrinpl end fgthenhavingan @utbwfi rcuit having an i nput coupled to

receiye a signal fr b Qerirdudi G 0 1 ) t ing an
out pu]?; 12 a secondé) é(;gs%ﬁ# g%?l%ﬁﬁggg‘éﬁ%‘%ﬁ %ma%&ﬂegﬁ?q%%uwﬁlaggﬁﬁg%r&ecei ve
an i nger tsgghal frdmsdaghadtphirafieiddhverentipatit, afd father hawieg aeoutputand t, and

further having an output,;,and 14 a .conbining circuit havi,ng i nput
c_oupll_éd to receive %?@ﬂu‘émg{gf%m baying a‘lﬁ‘%ﬁ?‘_ﬁ@hcﬁ %Fe?éYeélgglﬁ?%tsg‘gn
Circykts ’ou%ﬁi‘téjof?ﬁ'i@b@ﬂ[wioﬁ lofreitst sdid E&tﬁﬁﬁaiﬁ?&ﬁcﬁlﬂ fRrtidr Ma%ing Al didt outfint ,
termnal, 17 each said oscillation circuit” having a tranSfer function, said
trandber ta_ralin;lnct i on having an unstabl e operating region bounded by a first
st ablﬁ operating regdif%:d oscillation circnit having a transfer function, said transfer
18  function having an unstable operating region bounded by a first stable operating region
19  and by a second stable operating region, said transfer function defining a set of operating
20  points of each said oscillation circuit, each said oscillation circuit adapted to produce -
21  oscillatory output when said operating point is varied into said unstable region, each said
22 oscillation circuit further adapted to produce a non-oscillatory output when said operating

23  point is varied into either of said first and second stable regions.

23.  The system of claim 22 wherein said operating point of said first
oscillation circuit is forced into said unstable region to produce at least one oscillation
upon receiving a signal that is at said first signal level, and said operating point is forced
to vary into either one of said stable operating regions in arder to terminate said at least
one oscillation upon receiving a signal that is at said second signal level; and said
operating point of said second oscillation circuit is forced into said unstable region to
produce at least one oscillation upon receiving a signal that is at said first signal level, and

said operating point is forced to vary into either one of said stable operating regions in
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order to terminate said at least one oscillation upon receiving a signal that is at said
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second signal level.
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19 and by a second stable operating region, said transfer function defining
a set of operating 20 points of each said oscillation circuit, each said
oscil | ati gy @isysit adapted to produce 21 oscill atory out puyirinoemisa d
operating point is varied into said unstable region, each said 22
oscillation circuit further adapted to produce a non-oscillatory out put
when said operating 23 point is varied into either of said first and
seconq stable regions. 1 23. The system of claim 22 wherein said operating
poi nt lof said first242 o¥b¢ riraxiagaordingdaiclairh $2 frdrensnl sid combiitk ciaalinb!
regi onp tqu?§3%ﬁg at | east one oscillation 3 upon receiving a signal that
is at sai ISt signal level, and said operating point is forced 4 to
vary into either one of said stable operating regions in order to termnate
said dt |east 5 on2S.oscAlmehodfor fipquency peilvplivgtién 6f Amput @l b§ 2at sai d
secong sﬁ@nal vely; and.said 6 operating point of said second Oscillation
circuft iBPpP 4»ﬁQWQEﬁQSWMBtabIe region to 7 produce at |east one

osci |l Bation upon r By L I t LSk sahofi i l. |evel, and
" sai g oper at| ng. po ool B R nak i bixiBhiohP il B s el A
oper ati ngyelegfsnaid inputgignakiand tooostidlatiomatueing alickeatnd AL Hf RS eydi¢;at i on
upon keceiving a signal.that is,at id 10 second sjgnal level. 15 WO

02/ 13385 PCT/ | BOQ o‘%ﬁ@?“&g 32%“‘?‘?1%‘%@%8&‘?‘5 n&@éﬁﬁ%ﬁ‘ﬁ’ﬁ ng the fisvbalfipler ei n

sai d 6omshidiirgt ayitecanidthaiing rPosaillaGBhRicing alsedShd HAITBSLRAT by GRHERGY
nultlgllcatlon of an input signal by a 2 factor of (m#n), conprising: 3
produéing a first SPHRHNNS AT A5t andaesend signante produgen third signabthatldsfa of a
firstg 4 2 al, Pl (Wele 3 i ]yl ations during the second
nal 1 ot SHERy RE (PR RnEPH fRgaRRy R B RE O havi ng o
oscillations during the first half of 6 said first cycle and having n
oscillations duri n§6a s dhemuokethad 6f alaiml 25 whersiairdiSnotstualyeke; and 7
conbining said first and second signals to produce a third signal that has

a 8 frequency of n) i t r.e ncy of said jnput signal. 1 26. The
et ho%l of claim 25&\;\’;& githﬁrﬁ?nal?oscp ocﬁalg%g‘f’ﬁ%@nm 15 6qukiOrne nethod of claim
25 mggr ei nrTb i'n is e@Bal ThemetHodd¥ claie2SWwhéreid (AfnyistinBdTuRELI N (MFn) s

an o nunber. 16
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