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METHOD AND APPARATUS FOR GENERATING 
PULSES FROM ANALOG WAVEFORMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to US. application Ser. 
No. 09/429,519 for A METHOD AND APPARATUS FOR 
COMMUNICATION USING PULSE DECODING, ?led 
Oct. 28, 1999, US. application Ser. No. 09/429,527 for 
METHOD AND APPARATUS FOR GENERATING 
PULSES FROM ANALOG WAVEFORMS, ?led Oct. 28, 
1999, and US. application Ser. No. 09/805,845 for CIR 
CUITRY WITH RESISTIVE INPUT IMPEDANCE FOR 
GENERATING PULSES FROM ANALOG WAVE 
FORMS, ?led Mar. 13, 2001, all of Which are oWned by the 
Assignee of the present invention, and herein incorporated 
by reference for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to waveform to 
pulse conversion and more speci?cally to techniques for 
converting arbitrary analog Waveforrns to sequences of 
pulses. 

[0003] Pulse generators are Well knoWn, for example, for 
DC controllers and other applications. HoWever, the typical 
pulse generator is an adaptation of a conventional oscillator 
or rnonostable rnultivibrator, Which can produce undesired 
or spurious transients When the pulse triggering is terrni 
nated. Such transients could be confused With trailing 
pulses, so that the counting of pulses is an inaccurate 
representation of the intended pulse count. 

[0004] A typical pulse generator is responsive to a trigger 
related to a threshold level; that is, pulses are generated 
When a level input is applied that eXceeds a predetermined 
threshold that has established a trigger point. The duration of 
the input above the threshold typically corresponds to the 
duration of the pulse train or oscillation period. 

[0005] A classic van der Pol (vdP) oscillator is a simple 
nonlinear oscillator circuit and is a useful starting point for 
use as a pulse generator. HoWever, the classic vdP oscillator 
is not readily controllable. 

[0006] Circuitry is needed Which is simple and yet Which 
addresses needs in various applications. For example, in 
co-pending and co-oWned US. application Ser. No. 09/429, 
527, a method and apparatus for generating pulses from 
analog waveforms are disclosed. The application discloses, 
in an embodiment of the invention, an analog Waveforrn 
having tWo inforrnation regions used in a communication 
system. A?rst inforrnation region drives the operating point 
of the circuit to an unstable region to substantially instantly 
produce oscillations While a second inforrnation region Will 
drive the operating point of the circuit out of the unstable 
region to stop the oscillations substantially instantaneously. 

[0007] In a conventional communication system, hoW 
ever, various rnultilevel signaling schemes, such as QAM, 
are used to enhance the capacity of the information being 
transmitted through a given channel. Of course, this is done 
at the eXpenses of the noise performance of the communi 
cation system. 

[0008] With the development of electronic technologies, it 
has noW been determined that transmission of radio fre 
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quency signals at the frequency of modulation is both 
possible and practical over a broad spectrum, from subaudio 
frequencies to microwave frequencies. HoWever, heretofore, 
there has not been a modulation and dernodulation technol 
ogy Which takes advantage of this capability using multi 
level signaling scherne. 

[0009] It is desirable to have a pulse method and apparatus 
that addresses the foregoing needs. 

SUMMARY OF THE INVENTION 

[0010] According to the invention, a method and appara 
tus are provided for generating oscillations (groups of 
pulses) in response to input analog Waveforrns Which 
involves eXciting, With a knoWn but arbitrary analog wave 
form, a circuit With a variable operating point and having a 
transfer function characteriZed by alternating unstable oper 
ating regions and stable operating regions. The circuit or 
device according to the invention is a form of oscillator 
having a rnulti-N-shaped or rnulti-S-shaped V-I pro?le that 
can be made to exhibit nonlinear operation; that is, to 
oscillate during excursion of current and voltage through 
one of the unstable operating regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention Will be better understood by refer 
ence to the folloWing detailed description in connection With 
the accompanying draWings: 

[0012] FIGS. 1A and 1B shoW tWo typical transfer func 
tions having pro?les contemplated by the invention; 

[0013] FIGS. 2 and 3 are schematic diagrams of circuit 
arrangements for forcing the operating point betWeen the 
various stable and unstable regions of the circuit; 

[0014] FIGS. 4 and 5 shoW typical circuit con?gurations 
in accordance With the invention having resistive input 
irnpedances; 

[0015] FIG. 6 is a transfer function of the circuit shoWn in 
FIG. 2; 

[0016] FIG. 7 is a trace obtained by the simulation of 
Equations 6 and 7; 

[0017] FIGS. 8A and 8B illustrate examples of circuits 
having a rnultiple-N-shaped transfer function; 

[0018] FIG. 9 is the transfer curve of the circuit shoWn in 
FIG. 8A; 

[0019] FIG. 10 shoWs the response of the circuit of FIG. 
8A to various analog Waveforrns; 

[0020] FIG. 11 illustrates other examples of circuits in 
accordance With the invention; 

[0021] FIG. 12 shoWs the transfer of the circuit of FIG. 
11; 

[0022] FIG. 13 shoWs the response of the circuit of FIG. 
11 to various analog Waveforrns; 

[0023] FIG. 14 illustrates an example of Waveforrns With 
varying amplitude; and 

[0024] FIG. 15 is a system block diagram of a commu 
nication system in accordance With the invention. 
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DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0025] Referring to FIGS. 1A and 1B, circuits contern 
plated by the present invention exhibit a transfer function 
having either an S-shaped appearance such as shoWn in FIG. 
1A or the N-shaped appearance shoWn in FIG. 1B. For the 
purposes of the present invention, the “transfer function” of 
a circuit refers to the relationship betWeen any tWo state 
variables of a circuit. For example, electronic circuits are 
typically characterized by their I-V curves, relating the tWo 
state variables of current and voltage. Such curves indicate 
hoW one state variable (e.g., current) changes as the other 
state variable (voltage) varies. 

[0026] Consider the general case, Wherein the tWo state 
variables are represented by X and y, as shoWn in FIGS. 1A 
and 1B. Transfer function 102 in FIGS. 1A and 1B each 
cornprises pieceWise functions Which can be categoriZed 
into tWo categories. A pieceWise function Whose slope is 
positive 

[0027] constitutes “stable” region portions 106 of the 
transfer function, Whereas a negative slope 

[0028] constitutes “unstable” region portions 104. 

[0029] The circuit has an “operating point” located on the 
transfer function 102. The nature of the output of the circuit 
depends on the location of its operating point. When the 
operating point lies in an unstable region 104, the circuit 
exhibits oscillatory behavior. When the operating point is 
moved to a stable region 106, the circuit Will exhibit a 
generally tirne-varying but non-oscillatory behavior. The 
operating point can be controlled by a driving function to 
produce a selectable number of oscillations by forcing the 
operating point to different locations Within an unstable 
region. For this reason, this circuit can be referred to as a 
“controlled” oscillator. Generally, the transfer function in 
FIG. 1A and the driving function are governed by the 
folloWing coupled equations: 

[0030] The dual of Equations (1) and (2) can be used to 
describe the relation betWeen the driving function and the 
transfer function in FIG. 1B. The coupled equations read as 
folloWs: 
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[0031] In both cases,f(t) is the driving function. The 
parameter e and k are dependent on the circuit parameters. 
The function describes the relationship betWeen the tWo 
state-variables x and y. The location of the operating point 
at any time along the transfer function 102 can be deter 
mined by setting 

[0032] 
[0033] Referring noW to FIG. 2, a circuit con?guration 
shows schematically hoW coupled Equations (1) and (2) can 
be realiZed. The transfer function relating the input current 
I and input voltage V in a circuit block 202 has a rnulti-S 
shaped pro?le. The circuit block 202 includes inputs 207 and 
211, and multiple output voltage ports Voutl, Voutz, . . . , 
VOutN. A capacitive element 204 (e.g., capacitor, varactor, 
etc.) is connected at one end to the input 207. An arbitrary 
analog Waveforrn source 215 is connected betWeen input 211 
and the other end of capacitive element 204, to fully 
integrate the circuit. 

in the coupled equations described above. 

[0034] The number of output voltage ports corresponds to 
the number of “unstable” regions in the I-V characteristic 
(i.e., transfer function) associated With the circuit 202. In 
other Words, if there are N unstable regions in circuit 202, 
there Will be N output voltage ports. Moreover, as Will be 
further explained beloW, each unstable region k has an 
associated output voltage port Voutk. 
[0035] In the circuit con?guration shoWn in FIG. 2, the 
location of the operating 10 point on the transfer function of 
the circuit is a function of the slope of analog Waveforrn 
produced by analog Waveforrn source 215. More speci? 
cally, the rate of change of the voltage and capacitive 
element 204 determines whether the operating point of the 
circuit 202 is in an unstable or a stable region of the transfer 
function. If the operating point is in a stable region, the 
output voltage at each port Voutl, Voutz, . . . , VOutN is simply 
a function of the arbitrary analog Waveforrn source 215. 
There is no oscillatory behavior in any of the ports. HoW 
ever, in accordance With the invention, if the operating point 
is driven into the kth unstable region, then output voltage 
port VOutk Will exhibit a substantially instantaneous occur 
rence of oscillatory behavior. Further in accordance With the 
invention, the other output voltage ports remain silent. 

[0036] The coupled Equations (3) and (4) can be realiZed 
by the circuit con?guration depicted in FIG. 3. In FIG. 3, 
the transfer function relating the input current I and input 
voltage V of a circuit block 302 has a rnulti-N-shaped 
pro?le. This con?guration can be considered as the dual of 
the circuit con?guration shoWn in FIG. 2. 

[0037] The circuit block 302 includes inputs 307 and 311. 
The circuit includes plural output voltage ports Voutl, Voutz, 
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. . . , VOutN. Instead of capacitive element 204 as shown in 

FIG. 2, the circuit con?guration of FIG. 3 includes an 
inductive element 304 connected at one end to the input 307. 
An arbitrary analog Waveform source 215 is connected 
betWeen input 311 and the other end of inductive element 
304, to complete the circuit. 

[0038] As in FIG. 1, the number of output voltage ports of 
circuit block 302 corresponds to the number of “unstable” 
regions in the I-V characteristic (i.e., transfer function) 
associated With the circuit. If there are N unstable regions in 
circuit 302, there Will be N output voltage ports. As With the 
circuit in FIG. 2, each unstable region k has an associated 
output voltage port Voutk. 

[0039] Unlike the circuit con?guration of FIG. 2, the 
location of the operating point on the transfer function of the 
circuit of FIG. 3 is a function of the amplitude of analog 
Waveform produced by analog Waveform source 215. More 
speci?cally, the amplitude of the voltage V appearing across 
both the analog Waveform source and inductor determines 
Whether the operating point of the circuit 302 is in an 
unstable or a stable region of the transfer function. If the 
operating point is in a stable region, the output voltage at 
each port Voutl, Voutz, . . . , VOutN is simply a function of the 
arbitrary analog Waveform source 215. There is no oscilla 
tory behavior in any of the ports. HoWever, in accordance 
With the invention, if the operating point is driven into the 
kth unstable region, then output voltage port VOutk Will 
exhibit a substantially instantaneous occurrence of oscilla 
tory behavior. Further in accordance With the invention, the 
other output voltage ports remain silent. 

[0040] The input impedance of each of the circuit con 
?gurations in FIGS. 2 and 3 is reactive; i.e. frequency 
dependent. Referring to FIGS. 4 and 5, circuit con?gura 
tions equivalent to those in FIGS. 2 and 3, respectively, are 
shoWn having resistive input impedances. The advantage of 
the circuits shoWn in FIGS. 4 and 5 is that the input 
impedances are independent of the frequency of the input 
signal. 

[0041] Referring to FIG. 4, the circuit con?guration 
shoWn is equivalent to that shoWn in FIG. 2. The circuit 
block 402 includes inputs 407 and 411, and multiple output 
voltage ports Voutl, Voutz, VOutN. A resistive element 404 is 
connected at one end to the input 407. An arbitrary analog 
Waveform source 215 is connected betWeen input 411 and 
the other end of resistive element 404. Each output voltage 
port Voutl, Voutz, . . . , VOutN has an associated inductive L1, 

L2, . . . , LN coupling the port back to input 407, to complete 
the circuit. 

[0042] The operating point is driven in the same manner as 
in FIG. 2, namely as a function of the slope of the analog 
Waveform. The multi-S-shaped transfer function for circuit 
block 402 is the same as that of circuit block 202. HoWever, 
the state variables are different. The state variables for 
circuit block 402 are V and VN. V is the input voltage across 
inputs 407 and 411, and VN can be expressed as folloWs: 

(5) 
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[0043] Where Voutl, . . . , Voutk, . . . , VOUtN are the output 

voltages at the output ports of the circuit block 402. 

[0044] FIG. 5 depicts a circuit con?guration having a 
resistive input impedance that is equivalent to that shoWn in 
FIG. 3. The circuit block 502 includes inputs 507 and 511. 
The circuit includes plural output voltage ports Voutl, Voutz, 

. , VOutN. A resistive element 504 is connected at one end 
to the input 507. An arbitrary analog Waveform source 215 
is connected betWeen input 511 and the other end of resistive 
element 504. Each output voltage port Voutl, Voutz, . . . , 

VomN has an associated capacitive element C1, C2, . . . , CN 
coupling the port back to input 507, to complete the circuit. 

[0045] Like the circuit of FIG. 3, the operating point of 
this circuit is driven by the amplitude of the analog Wave 
form. The multi-N-shaped transfer function in this case 
relates VN and V Where VN is de?ned by Equation The 
topology of the circuit is similar to that in FIG. 4, except that 
all of the inductors connecting the input 507 to voltage 
outputs are replaced by capacitors C1 . . . CN. 

[0046] Simulations and actual circuit experiments have 
been carried out to realiZe the circuit con?gurations illus 
trated in FIGS. 2 to 5. FolloWing are typical circuits and 
experimental results. 

[0047] FIG. 6 shoWs a double-S-shaped I-V transfer func 
tion to be used to simulate the circuit con?guration 
described in FIG. 2. The simulation folloWs the dynamics 
described by Equations (1) and By replacing the state 
variables x and y to I and V and including the circuit 
parameters, Equations (1) and (2) can be reWritten as fol 
loWs: 

dV_dVS 1 (6) 
E_W_E 

d1_v W (7) 
5%— — () 

[0048] e is a small parameter due to circuit parasitics and 
is usually much smaller than the capacitor 205. Note that 
IP(I) is the function describing the double-S-shaped transfer 
function shoWn in FIG. 6. The double-S-shaped transfer 
function starts and ends With stable regions 602 and 610 
respectively. There are tWo unstable regions 604 and 608 
and one stable region 606. As can be seen in FIG. 6, the 
stable and unstable regions are arranged in alternating 
fashion. 

[0049] As discussed in connection With FIG. 2, the oper 
ating point is driven by the slope of the analog Waveform 
source VS. Aclose inspection of the transfer function shoWn 
in FIG. 6 reveals that there is a positive-slope portion of VS 
and a negative-slope portion of VS Which Will cause the 
circuit to oscillate. This is due to the fact that there are 
unstable regions in both I>0 plane and the I<0 plane. From 
Equations (6) and (7), setting 

dv 

dz 
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[0050] produces a horizontal line 620 that intersects The intersection constitutes the operating point of the circuit 

along the transfer function. By setting 

dV d1 

Wan E 

[0051] equal to Zero (or in general setting the time ?rst 
derivative of the state variables to Zero) is equivalent to 
looking at steady state solution or asymptotic solution. The 
horiZontal line 620 is de?ned by 

[0052] As VS varies, so Will its derivative 

dVS 
W 

[0053] (i.e., slope of V5), and so the line 620 Will be 
displaced along the vertical as shoWn in FIG. 6. For certain 
positive slope values, the line Will intersect the transfer 
function along segments DB, thus causing the circuit to 
produce oscillations. Likewise, for certain negative slope 
values, the line Will intersect the transfer function along 
segments AF, thus causing the circuit to produce oscilla 
tions. 

[0054] FIG. 7 shoWs the results of simulations using the 
coupled Equations (6) and The analog Waveform Vs(t) 
is sinusoidal and is shoWn in FIG. 7 as a dotted trace 710. 
The transfer function IP(I) is shoWn in FIG. 6. The current 
I is shoWn in FIG. 7 as a solid trace 712. As noted above, 
the current trace shoWs oscillations (spikes 720) When a 
negative slope M1 of VS falls Within a certain range. Simi 
larly, the current trace shoWs oscillations (spikes 740) When 
a positive slope M2 of VS falls Within a certain range. The 
group of spikes 720 and 740 in FIG. 7 are the result of 
moving the operating point into unstable region 608 and 
604, respectively. 

[0055] Turning noW to FIG. 8A, an illustrative example of 
an embodiment of the circuit block 302 shoWn in FIG. 3 is 
shoWn, Where N is equal to 2. Recall, the circuit 302 exhibits 
a transfer function having a double-N-shaped I-V pro?le. 
The circuit comprises tWo circuit portions. In the illustrative 
embodiment, each circuit portion includes an LM7121 op 
amp. A positive feedback path is provided through resistive 
element Rf. A negative feedback path is provided by resis 
tors R1 and R2, con?gured as voltage divider. The input 307 
is coupled to the positive input of each op-amp. The input 
311 is coupled to ground. The output of each op-amp 
corresponds to one of the output voltage ports VOutl Voutz, . 

. , VOutN. In this illustrative embodiment, the tWo output 
voltage ports are V 1 and Voutz. out 

[0056] Typical circuit parameters for each circuit portion 
are as folloWs: Vcc and VDD are 3V and —1.5V respectively. 
VOFF is 0.75 V. RF is 1 k9, R1 is 68 Q and R2 is 10 Q. Lis 
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220 MH. These are typical circuit parameters, shoWn merely 
to illustrate one embodiment of the invention, and should not 
be construed as limiting. It is understood that the circuit 
portions could be designed With different parameters and 
still achieve circuit operation in accordance With the inven 
tion Without undue experimentation. 

[0057] The I-V characteristic (transfer function) for the 
circuit of FIG. 8A is shoWn in FIG. 9. The I-V characteristic 
comprises tWo segments 902, 904 Which are unstable 
regions. There are three segments 906, 908, 910 Which are 
the stable regions. The circuit is con?gured so that the stable 
and unstable regions are arranged in alternating fashion. 

[0058] FIG. 10 shoWs some of the traces obtained from 
the circuit of FIG. 8A. Trace A is the analog Waveform 
generated by the source 215. Trace 1 is the probed signal at 
the input 820 in FIG. 8A. Groups of pulses 1010 and 1040 
shoWn in FIG. 10 are produced by forcing the operating 
point into the unstable region 904 and 902 respectively. This 
can be veri?ed by observing the signal at VOutl and VOut2 of 
the circuit in FIG. 8A. Oscillations Will only be observed in 
VOutl When the operating point is in unstable region 902. 
Similarly, When the operating point is in unstable region 
904, oscillations can only be observed at the output of Voutz. 
OtherWise, VOutl and VOut2 Will be silent. This behavior can 
be seen by the traces shoWn in FIG. 10. 

[0059] FIG. 8A shoWs a circuit having tWo unstable 
regions. A more general con?guration is shoWn in FIG. 8B, 
Where N circuit portions are assembled to provide a circuit 
block 302 having N unstable regions. The output of each 
circuit portion corresponds to one of the N output voltage 
ports Voutl’ Vout2> ~ ~ - > VQutN~ 

[0060] The observation is made that it is Well Within the 
scope of an artisan of ordinary skill to use other conventional 
circuit designs and con?gurations to produce a multi-N 
shaped transfer function as taught by the present invention. 
The circuit of FIG. 8A and of FIG. 8B are merely examples 
illustrating typical embodiments of the invention. 

[0061] Turn noW to FIG. 11 for an illustrative example of 
an embodiment of the circuit block 502 shoWn in FIG. 5, 
Where N is equal to 2. The circuit of FIG. 11 exhibits a VN-V 
transfer function having a double-N-shaped pro?le. The 
circuit comprises tWo circuit portions. In the illustrative 
embodiment shoWn in FIG. 11, each circuit portion includes 
an LM7121 op-amp. A positive feedback path is provided 
through a capacitive element C1 (C2). A negative feedback 
path is provided by resistors R1 and R2, con?gured as 
voltage divider. The input 507 is coupled to the positive 
input of each op-amp. The input 511 is coupled to ground. 
The output of each op-amp corresponds to one of the output 
voltage ports Voutl, Voutz, . . . , VOutN. In this illustrative 

embodiment, the tWo output voltage ports are VOut and Voutz. 

[0062] In this case, VN=(V—VOut1)+V—VOut2). Typical cir 
cuit parameters for each circuit portion are as folloWs: the 
resistors values R, R1, and R2 are 1.2 kQ, 68 Q, and 10 Q 
respectively. Capacitors C1 and C2 have the same value that 
is 150 pF. The biasing voltage Vcc, VDD and VOFF are 3.5 
V, —1.5 V, and 1.0 V respectively. These are typical circuit 
parameters, shoWn merely to illustrate an embodiment of the 
invention and should not be limiting. It is understood that the 
circuit portions could be designed With different parameters 
and still achieve circuit operation in accordance With the 
invention Without undue experimentation. 
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[0063] FIG. 12 shows the double-N-shaped transfer func 
tion Which characterizes the circuit in FIG. 11. The transfer 
function comprises tWo unstable regions 1202 and 1204 and 
three stable regions 1206, 1208, and 1210, arranged in 
alternating fashion. 

[0064] FIG. 13 shoWs the traces obtained by probing 
various nodes in the circuit. Trace A is the input Waveform 
from analog Waveform source 215. Trace 1 is the voltage at 
terminal 1120. Whenever the operating point is in any 
unstable region, oscillations are observed in terminal 1120. 
For this particular case, oscillations 1310 and 1340 occur 
When the operating point is in unstable region 1202 and 1204 
respectively. Trace 2 is probed at VOutl and Trace 3 is probed 
at VOut2 At Voutl, it is expected that the oscillations only 
appear When the operating point is in unstable region 1202, 
otherWise it is shoWing silences. Similarly, at Voutz, oscil 
lations are only seen When the operating point is in unstable 
region 1204. 

[0065] Referring back to FIGS. 1B and 3, and to FIG. 14, 
the discussion turns to an explanation of hoW circuits 
according to the present invention can be utiliZed for trans 
mitting and receiving information. Consider the multiple 
N-shaped transfer function of FIG. 1B and its corresponding 
circuit 302 shoWn schematically in FIG. 3, for example. A 
circuit according to the invention has a transfer function 
comprising tWo or more unstable operating regions and tWo 
or more stable operating regions, each unstable region 
producing unique oscillatory output. The amplitude of an 
applied Waveform serves as a “forcing” agent Which moves 
the operating point of the circuit into the circuit’s unstable 
and stable operating states 104, 106. Thus, the circuit can be 
tuned such that the Waveform amplitudes A1 and A2 of the 
Waveforms shoWn FIG. 14 force the circuit into one of the 
unstable operating regions to produce oscillatory output, e.g. 
pulses. 
[0066] This forms the basis for information encoding and 
decoding. A circuit according to the invention can be built 
such that it is characteriZed by having plural unstable 
regions separated by plural stable regions. In the case of a 
the circuit Whose operating point is forced as a function of 
the amplitude of an excitation signal, a set of excitation 
signals (e.g., square Waves) can be provided each having an 
unique amplitude to represent a different information sym 
bol. Applying an excitation signal to the circuit produces a 
corresponding group of pulses. Each such group of pulses, 
in turn, corresponds to an information symbol; e.g., a 
character from an alphabet. 

[0067] Referring to FIG. 15, a communication system 
based on the information encoding and decoding using 
techniques of the present invention includes at the transmit 
ting end, an encoder 1512 for encoding information 1502 in 
the form of a series of square Waves (more generally, an 
analog Waveform) 1510A, as an illustrative example. Other 
Waveforms can be used here, including but not limited to 
sinusoidal Waveforms, triangle Waveforms, saWtooth Wave 
form, and the like. The Waveform can be symmetric or 
asymmetric. 

[0068] The encoded information 1510A (i.e., analog 
Waveform) is fed into a conventional transmitter device 
1514. The encoded information 1510A is transformed (e.g., 
modulated With a carrier signal or simply ampli?cation 
before transmission) to produce a channel-optimiZed trans 
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mission signal 1520A that is suitable for transmission over 
a channel 1522. For example, the transmitter device may be 
radio transmission subsystem Wherein the encoded informa 
tion is modulated onto a carrier Wave and transmitted as a 

radio signal. As another example, the transmitter device may 
be a modem, transmitting over a telephone line. 

[0069] A receiver device 1516 detects the received signal 
1520B and transforms (e.g., demodulates) the received sig 
nal to reproduce the encoded information 1510B (i.e., ana 
log Waveform). The recovered information is feed into the 
front end of a decoding unit 1518A. The front end unit 
1518A includes circuitry according to the invention for 
producing a plurality of groups of pulses 1530. Each group 
of pulses is then mapped to a character in an alphabet to 
yield an information symbol. In one embodiment of the 
invention, the number of pulses in each group of pulses are 
simply counted to recover information 1504. For example, a 
pulse count of 1 can by de?nition represent a ?rst symbol, 
a pulse count of 2 maps to a second symbol, and so on. Pulse 
counting circuits are knoWn. Additional implementations for 
the decision device can be found in co-pending and co 
oWned U.S. application Ser. No. 09/805,854, ?led Mar. 13, 
2001. 

[0070] Although speci?c embodiments of the invention 
have been described, various modi?cations, alterations, 
alternative constructions, and equivalents are also encom 
passed Within the scope of the invention. The described 
invention is not restricted to operation Within certain speci?c 
data processing environments, but is free to operate Within 
a plurality of data processing environments. Although the 
present invention has been described in terms of speci?c 
embodiments, it should be apparent to those skilled in the art 
that the scope of the present invention is not limited to the 
described speci?c embodiments. 

[0071] Further, While the present invention has been 
described using a particular combination of hardWare and 
softWare, it should be recogniZed that other combinations of 
hardWare and softWare are also Within the scope of the 
present invention. The present invention may be imple 
mented only in hardWare or only in softWare or using 
combinations thereof, depending on performance goals and 
other criteria not relevant to the invention. 

[0072] The speci?cation and draWings are, accordingly, to 
be regarded in an illustrative rather than a restrictive sense. 

It Will, hoWever, be evident that additions, subtractions, 
substitutions, and other modi?cations may be made Without 
departing from the broader spirit and scope of the invention 
as set forth in the claims. 

What is claimed is: 
1. A method for generating pulses, comprising: 

providing a circuit having a transfer function comprising 
tWo or more unstable operating regions and tWo or 
more stable operating regions, said circuit having an 
operating point; 

exciting said circuit With a ?rst signal, said operating 
point being forced to a ?rst of said unstable regions in 
response thereto to produce ?rst oscillations; and 

exciting said circuit With a second signal different from 
said ?rst signal, said operating point being forced to a 



US 2002/0196065 A1 

second of said unstable regions in response thereto to 
produce second oscillations different from said ?rst 
oscillations. 

2. The method of claim 1 further including providing said 
?rst oscillations at a ?rst output terminal of said circuit and 
providing said second oscillations at a second output termi 
nal of said circuit. 

3. The method of claim 2 Wherein said second output 
terminal is absent oscillations When said ?rst output terminal 
is providing said ?rst oscillations, and said ?rst output 
terminal is absent oscillations When said second output 
terminal is providing said second oscillations. 

4. The method of claim 1 Wherein said unstable regions 
and said stable regions are arranged in alternating fashion. 

5. The method of claim 4 Wherein said unstable regions 
are bounded by said stable regions. 

6. The method of claim 1 Wherein said circuit is sensitive 
to an amplitude of an excitation signal, said operating point 
being forced to one of said unstable regions depending on 
said arnplitude. 

7. The method of claim 1 Wherein said circuit is sensitive 
to a slope of an excitation signal, said operating point being 
forced to one of said unstable regions depending on said 
slope. 

8. A method for generating pulses, cornprising: 

receiving a ?rst analog Waveforrn, a ?rst portion of Which 
has a ?rst slope; 

applying said ?rst analog waveform to a circuit charac 
teriZed by having tWo or more unstable operating 
regions and tWo or more stable operating regions, said 
circuit having an operating point; 

in response to said ?rst slope, forcing said operating point 
to a ?rst of said unstable regions to produce ?rst pulses; 

receiving a second analog Waveforrn, a portion of Which 
corresponds to said ?rst portion and Which has a second 
slope different from said ?rst slope; 

applying said second analog waveform to said circuit; and 

in response to said second slope, forcing said operating 
point to a second of said unstable regions to produce 
second pulses. 

9. The method of claim 8 Wherein said ?rst pulses are 
produced at a ?rst output terminal of said circuit and said 
second pulses are produced at a second output terminal of 
said circuit. 

10. The method of claim 9 Wherein said second output 
terminal is absent pulses When said ?rst output terminal is 
producing said ?rst pulses, and said ?rst output terminal is 
absent pulses When said second output terminal is producing 
said second pulses. 

11. The method of claim 8 Wherein said unstable regions 
and said stable regions are arranged in alternating fashion. 

12. The method of claim 11 Wherein said unstable regions 
are bounded by said stable regions. 

13. A method for producing information from analog 
Waveforrns, comprising: 

providing a circuit having at least tWo unstable operating 
regions separated by a stable operating region; 

applying a ?rst analog waveform to said circuit, and in 
response thereto forcing said circuit to operate in a ?rst 
of said unstable operating regions to produce ?rst 
oscillations; 
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producing a ?rst syrnbol based on said ?rst oscillations; 

applying a second analog waveform to said circuit, and in 
response thereto forcing said circuit to operate in a 
second of said unstable operating regions to produce 
second oscillations; and 

producing a second syrnbol based on said second oscil 
lations, 

Wherein said information comprises said ?rst and second 
syrnbols. 

14. The method according to claim 13 Wherein said ?rst 
and second oscillations, each is a group of one or more 
pulses. 

15. The method according to claim 13 Wherein said 
analog waveforms are cyclical. 

16. The method of claim 13 Wherein said analog Wave 
forms are selected from the group consisting of sinusoidal, 
rarnp, asymmetric, saWtooth, square and channel-optirniZed 
syrnbol. 

17. The method according to claim 13 Wherein said 
analog waveforms are cyclical and Wherein said cycles 
cornprise mixtures of different Waveforrn types, including 
tirne-varying channel-optirniZed syrnbols. 

18. The method of claim 13 further including providing 
said ?rst oscillations at a ?rst output terminal of said circuit 
and providing said second oscillations at a second output 
terminal of said circuit. 

19. The method of claim 18 Wherein said second output 
terminal is absent oscillations When said ?rst output terminal 
is providing said ?rst oscillations, and said ?rst output 
terminal is absent oscillations When said second output 
terminal is providing said second oscillations. 

20. The method of claim 13 Wherein said unstable regions 
and said stable regions are arranged in alternating fashion. 

21. The method of claim 20 Wherein said unstable regions 
are bounded by said stable regions. 

22. The method of claim 13 Wherein said circuit is 
sensitive to amplitudes of said analog Waveforrns, said 
operating point being forced to one of said unstable regions 
depending on said arnplitudes. 

23. The method of claim 13 Wherein said circuit is 
sensitive to a slopes of said analog Waveforrns, said oper 
ating point being forced to one of said unstable regions 
depending on said slopes. 

24. A device for producing pulses, comprising; 

an input for receiving signals; 

a circuit coupled to said input, said circuit having at least 
tWo unstable operating regions and at least tWo stable 
operating regions; and 

an output coupled to said circuit for outputting pulses, 

said circuit responsive to sensing a ?rst signal to operate 
in one of said unstable operating regions to produce 
?rst pulses, 

said circuit further responsive to sensing a second signal 
to operate in another of said unstable operating regions 
to produce second pulses different from said ?rst 
pulses. 

25. The device according to claim 24 Wherein said stable 
and said unstable operating regions are arranged in alternat 
ing fashion. 
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26. The device according to claim 24 wherein said 
unstable operating regions are bounded by said stable oper 
ating regions. 

27. The device according to claim 24 Wherein said circuit 
is sensitive to amplitudes of said signals. 

28. The device according to claim 24 Wherein said circuit 
is sensitive to slopes of said signals. 

29. The device according to claim 24 Wherein said output 
comprises a ?rst output terminal for outputting said ?rst 
pulses and a second output terminal for outputting said 
second pulses. 

30. The device according to claim 24 Wherein said circuit 
includes a ?rst circuit portion to produce said ?rst pulses in 
response to said ?rst signal and a second circuit portion to 
produce said second pulses in response to said second signal. 

31. The device according to claim 30 Wherein said output 
comprises a ?rst output terminal coupled to said ?rst circuit 
portion to output said ?rst pulses substantially exclusive of 
said second pulses, and a second output terminal coupled to 
said second circuit portion to output said second pulses 
substantially exclusive of said ?rst pulses. 

32. The device according to claim 31 Wherein said ?rst 
output terminal and said second output terminal are in 
electrical communication at a node, Whereby said node 
produces said ?rst and second pulses. 

33. The device according to claim 30 Wherein said circuit 
further includes at least a third circuit portion to produce 
third pulses different from said ?rst and said second pulses, 
and Wherein said output comprises a ?rst output terminal 
coupled to said ?rst circuit portion, a second output terminal 
coupled to said second circuit portion, and a third output 
terminal coupled to said third circuit portion. 
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34. A device for producing information from analog 
Waveforms, comprising; 

a circuit having a ?rst unstable region separated from a 
second unstable region by a stable region, said circuit 
having an input terminal for receiving said analog 
Waveforms, said circuit having ?rst and second output 
terminals; and 

a decoder coupled to receive said ?rst and second output 
terminals, 

said circuit con?gured to operate in said ?rst unstable 
region in response to receiving a ?rst analog Waveform 
to produce ?rst oscillations at said ?rst output terminal, 

said decoder, in response to detecting said ?rst oscilla 
tions, producing a ?rst symbol, 

said circuit further con?gured to operate in said second 
unstable region in response to receiving a second 
analog Waveform to produce second oscillations at said 
second output terminal, 

said decoder, in response to detecting said second oscil 
lations, producing a second symbol. 

35. The device according to claim 34 Wherein said ?rst 
and second oscillations each comprises a group of one or 
more pulses. 

36. The device according to claim 34 Wherein said circuit 
is sensitive to amplitudes of said analog Waveforms. 

37. The device according to claim 34 Wherein said circuit 
is sensitive to slopes of said analog Waveforms. 

38. The device according to claim 34 Wherein said circuit 
further includes a node to Which said ?rst output terminal 
and said second output terminal are in electrical connection, 
said node producing said ?rst and said second oscillations. 

* * * * * 


