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(57) ABSTRACT 

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 region bounded by a first stable operating region 
and a Second Stable operating region. The analog waveform 
is characterized by having a first information region and a 
Second information region. In response to Sensing the first 
and Second information regions, the operating point of the 
circuit is forced into its unstable and Stable regions. This 
produces a Sequence of oscillatory and non-oscillatory 
behavior at the circuit's output. 
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METHOD AND APPARATUS FOR GENERATING 
PULSES FROM ANALOG WAVEFORMS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 09/429,527, filed Oct. 28, 1999, now 
U.S. Pat No. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to a waveform to pulse 
conversion technique and more particularly to techniques for 
converting arbitrary analog waveforms to Sequences of 
pulses. 
0.003 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 monostable multivibrator, which can produce undesired 
or Spurious transients when the pulse triggering is termi 
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 tunable. 
0006 Circuitry is needed which is simple and yet which 
addresses needs in Specialized applications. 

SUMMARY OF THE INVENTION 

0007 According to the invention, a method and appara 
tus 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 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 point to vary in order to 
initiate operation of the circuit in the unstable operating 
region to produce a sequence of oscillations at a frequency 
greater than rate of change of the operating point, and then 
responsive to the Sensing of the Second information region, 
forcing the variable operating point to vary into either one of 
the Stable operating regions in order to terminate the oscil 
lations, Such that the initiating and terminating of oscilla 
tions alternate. The result is a mapping of each cycle of the 
input waveforms to a Sequence of pulses Separated by 
Silences. The circuit or device according to the invention is 
a form of oscillator having an N-shaped or S-shaped V-I 
characteristic that operates nonlinearly; that is, to oscillate 
during excursion of current and Voltage through a unstable 
operating region. A variety of input waveforms may map to 
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a particular String of pulses. Decoding is not for the purpose 
of identifying the type of input waveforms. One application 
is expressing information represented by the waveforms. For 
example, a character Set could be mapped to one or more 
cyclical waveforms. 
0008. The invention will be better understood by refer 
ence to the following detailed description in connection with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIGS. 1A and 1B show two types of transfer 
functions contemplated by the invention. 
0010 FIGS. 2 and 3 show circuit arrangements for 
forcing the operating point between Stable and unstable 
regions of operation. 
0011 FIGS. 4-6 show typical circuit configurations in 
accordance with the invention. 

0012 FIG. 7 explains the relationship of the operating 
point and the transfer function in connection with Stable and 
unstable operation. 
0013 FIG. 8 are measurements taken from a prototype of 
the invention. 

0014 FIGS. 9A and 9B illustrate the information carry 
ing capability of the technique in accordance with the 
invention. 

0.015 FIGS. 10-14 exemplify the variety of analog wave 
forms which can be used in connection with the method of 
the invention. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

0016 Referring to FIGS. 1A and 1B, circuits contem 
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. As can be seen in FIGS. 1A 
and 1B, each transfer function 102 includes a portion which 
lies within a region 104, referred to herein as an “unstable” 
region. The unstable region is bounded on either Side by 
regions 106 and 108, each of which is herein referred to as 
the “stable” region. 
0017. A circuit in accordance with the invention has an 
asSociated “operating point' which is defined as its location 
on the transfer function 102. The nature of the output of the 
circuit depends on the location of its operating point. If the 
operating point is positioned along the portion of the transfer 
function that lies within region 104, the output of the circuit 
will exhibit an oscillatory behavior. Hence, the region 104 in 
which this portion of the transfer function is found is 
referred to as an unstable region. If the operating point is 
positioned along the portions of the transfer function that lie 
within either of regions 106 and 108, the output of the circuit 
will exhibit a generally time-varying but otherwise non 
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oscillatory behavior. For this reason, regions 106 and 108 
are referred to as Stable regions. 
0.018 Referring to FIG.2, a configuration for varying the 
operating point of a circuit is shown. The figure shows a 
circuit 202 having inputs 203 and 205. A capacitive element 
204 is coupled at one end to an input 205. An arbitrary 
analog waveform Source 210 is coupled between an input 
203 and the other end of capacitive element 204, thus 
completing the circuit. For the purpose of the discussion, 
circuit 202 has a transfer function which appears S-shaped. 
The circuit arrangement shown in FIG. 2 allows the slope of 
the arbitrary waveform generator 210 to move the operating 
point of circuit 202 into and out of the unstable region 104. 
This action controls the onset of oscillatory behavior, and 
cessation of Such oscillatory behavior, at the output of circuit 
202 as a function of the output of arbitrary waveform 
generator 210. 
0.019 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. 
0020. An example of a circuit that exhibits an S-shaped 
transfer function is an operation amplifier (op-amp) config 
ured with a feedback resistor between the op-amp output and 
its non-inverting input. FIG. 4 shows such a circuit. An 
op-amp 402 includes a positive feedback path where the 
op-amps output feeds back to its non-inverting input. A 
typical off-the-shelf op-amp can be used, Such as the 
LM-358 op-amp. Another example is a device commonly 
referred to as a unijunction transistor. 
0021. A circuit having an N-shaped transfer function can 
be realized using an op-amp with a feedback resistor con 
necting the op-amp output to its inverting input. This con 
figuration is shown in FIG. 5, where an op-amp 502 includes 
a feedback path to its inverting input via resistor 504. 
0022. A further example of a circuit having an N-shaped 
transfer function is shown in FIG. 6. Here, a tunnel diode 
602 is coupled to arbitrary analog waveform 210 through 
inductive element 606. The output V is taken across 
resistor 604, which couples the other end of diode 602. 
0023 Refer back to the S-shaped transfer function of the 
circuit shown in FIG. 4. The relation of V and i is expressed 
as V=P(i) when the rate change of i is zero. V, is the 
arbitrary analog waveform. FIG. 7 shows the transfer func 
tion of the circuit shown in FIG. 4. The output Saturation 
voltage of op-amp 402 is proportional to E' when the 
differential voltage (V"-V) is greater than Zero. Con 
versely, the output Saturation Voltage is proportional to E 
when the differential Voltage is less than Zero. 
0024. The equations relating voltages V, V, V, and 
current i are: 

V=V+V (1) 

0025) 

d V d V. i (2) 
c. 
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-continued 

li L = v (i. (3) Jr., L = Y - (i) 

0026 where L is a parasitic inductance which could be 
present in the form a a wire lead of a component. 

0027. The circuit of FIG. 4 has operating points of 
importance along the transfer function curve. These operat 
ing points are found by setting dV/dt=0 in Eqn. 2 and di/dt=0 
in Eq. 3. As described above, di/dt=0 when V=I(i). To 
Simplify the analysis, assume that V is triangular waveform 
Source. The time derivative of this waveform Source is equal 
to tV, where V is a constant. Hence, the operating points 
occur at the interSection of i=+CV, and the piecewise linear 
function of the transfer function and at the interSection of 
i=-CV, and the piecewise linear function. If the operating 
point lies on either of the positive slope lines Slope 1 or 
slope3 as shown in FIG. 7 (i.e., the stable regions), the 
output of the circuit is non-oscillatory. However, if the 
operating point lies on the negative slope line Slope2, 
namely, the unstable region, a continuous "jumping phe 
nomenon will occur. In the time domain, this is seen as a 
Series of oscillations at the output of the circuit. In other 
words, the operating points along slope1 and Slope3 are 
Stable operating points. On the other hand, the operating 
points along slope2 are unstable operating points. For the 
transfer function shown in FIG. 7, slope2 can only intersect 
with line i-CV. This means that oscillations will be 
observed only when dV/dt is negative. When dV/dt is 
positive, no oscillatory activity is observed. By changing the 
negative slope of the arbitrary analog Signal, the operating 
points can be moved (“forced”) between the unstable and 
Stable regions. This action produces periods of oscillatory 
and non-OScillatory behavior. Thus, for circuits having an 
S-shaped transfer function curve, it is the changing slope of 
the applied analog waveform that “forces' the circuit's 
operating point between Stable and unstable region. By 
comparison, referring to FIGS. 9A and 9B for the moment, 
it can be seen that circuits having an N-shaped transfer curve 
operate by varying the amplitude of the applied analog 
waveform. 

0028. A prototype of the circuit shown in FIG. 4 was 
built and tested to confirm the foregoing principles. The 
arbitrary analog signal in this case was a 1 kHZ triangular 
waveform 802. The amplitude of the waveform was 250 mV. 
R=1 kS2, R=10 S2, and R=100 S2. A 10 nP capacitor was 
used. The op-amp was biased at Vcc=1.5 V. The plot of FIG. 
8 includes the arbitrary Signal V. Superimposed over a time 
response graph of the output 804 of the op-amp. AS can be 
Seen, the op-amp output is non-oscillatory when the Slope 
(dV/dt) of the arbitrary analog signal V is positive, during 
time period t for example. AS expected, at another time 
period to, Oscillations occur only when dV/dt is negative. 

0029) Referring now to FIGS. 9A and 9B, the discussion 
turns to an explanation of how arbitrary analog waveforms 
can be used to carry information for N-shaped 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 



US 2001/0019312 A1 

a sinusoid) 920. For illustrative purposes to facilitate the 
discussion, the timescale is shown on the Vertical axis, 
which allows the Voltage axis to be aligned with the transfer 
function 902. 

0.030. For such circuits, the voltage amplitude of the 
applied analog Signal is the “forcing agent which moves the 
operating point of the circuit into the circuit's Stable regions 
904, 908 and unstable region 906. During time interval 
0<t-to, the amplitude of waveform 920"forces” the operat 
ing point of the circuit into the unstable region 906. More 
Specifically, the operating point lies along that portion of the 
transfer function 902 that lies in region 906. Consequently, 
the output of the circuit will exhibit oscillatory behavior. 
During time interval to-tzt, the waveform “forces” the 
operating point along the portion of the transfer function that 
lies, in this case, in region 904, where the output of the 
circuit is non-oscillatory. However, it is noted that waveform 
920 could have been shaped differently so that the operating 
point is forced into region 908. 
0031. During the time that waveform 920 is in region 
910, a certain number of oscillations will have been pro 
duced. These oscillations can be counted. Any of a variety 
of methods can be used for counting, Since pulse counting is 
known in the relevant arts. For example, a Zero-crossing 
technique can be used. This number of oscillations repre 
sents information, and hence region 910 can be referred to 
as a first information region of waveform 920. The region 
912 of the waveform can be used, by convention, to separate 
the information region 910 of one waveform from the 
information region of the next waveform. In this respect, 
region 912 can be referred to as a Second information region. 
It can be seen that waveform 920 could be shaped so that the 
second information region 912 of waveform precedes the 
information region 910 of the waveform. The important 
aspect is that the operating point alternate between the 
unstable region 906 of transfer function 902 during a first 
time duration and one of the stable regions 904, 906 of the 
transfer function during a Second time duration. 
0.032 A property of the unstable region of the transfer 
function is that the number of oscillations varies depending 
on the duration of time the operating point is kept in that 
region. Thus, the longer the operating point remains in the 
unstable region the greater the number of oscillations. 
Another property of the unstable region is that the number 
of Oscillations varies depending on where the operating 
point is along the 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. 
0033. From the foregoing, it can be seen that the infor 
mation region 910 of an analog waveform can be appropri 
ately “shaped” to produce a given number of oscillations by 
adusting either its time span At or its shape 914, or a 
combination of both. Thus in FIG. 10, a triangular wave 
form 1002 can be appropriately modulated to produce any of 
three peak values A (cycle c), A (cycle ca), and A (cycle 
c). Each peak produces a corresponding number of oscil 
lations, n, n, and n. AS can be seen, this forms the basis 
for a three-symbol alphabet. Information can be sent by 
generating a multi-cycle waveform of triangular waves, each 
having an appropriate peak value. 
0034 FIG. 11 shows a configuration where a pulse-like 
waveform 1102 is modulated. Here, the duration of the 
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waveform can be used to produce a desired number of 
oscillations. For example, in cycle c, the information region 
1111 has a duration d which produces a first number n of 
oscillations. In cycle ca, the information region 1112 has a 
duration d-d and thus produces a Second number nazn of 
oscillations. Finally, in cycle ca, the information region 1113 
has a duration d-d to produce yet a third number of 
oscillations. 

0035) In the most general case, the kind of waveform can 
vary from one cycle to the next. Thus, in a first cycle, the 
waveform may be sinusoidal. The very next waveform can 
be a square wave. This configuration is shown in FIG. 12. 
In cycle 1, a waveform 1202 comprises a sinusoidal wave 
form which correlates with a certain number of oscillations. 
The number of oscillations will depend on factors such as 
amplitude of the information region of the waveform, which 
dictates where along the transfer function in the unstable 
region the operating point is located and/or the duration of 
the information region, which dictates how long the oper 
ating point stays in the unstable region. In cycle 2, the 
waveform 1202 takes the form of a ramp, which is followed 
by another sinusoid in cycle 3. FIG. 13 shows a configu 
ration in which the frequency of a sinusoid is varied to 
produce correspondingly varying Oscillatory output. FIG. 
14 shows a configuration in which both the frequency and 
amplitude of a sinusoidal analog waveform are varied. 
0036) Extrapolating from the foregoing discussion, it can 
be seen that any arbitrary combination of waveforms is 
possible. It is only required that there be a corresponding 
circuit which has stable regions and an unstable region as 
described above, whose operating point can be Selectively 
forced between the unstable and Stable regions. 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 into the input 
of a circuit as described above. The transmitted information 
can then be extracted from the resulting Oscillatory and 
non-OScillatory behavior of the circuit. The advantage lies in 
the ability to select some arbitrary combination of arbitrary 
analog waveforms to represent information. Such informa 
tion can then be transmitted by Selecting waveforms which 
are appropriate for transmission by conventional methods. 
Hence, any conventional transmission medium, wireleSS or 
wired, can be used with the invention. 
0037. This invention has been explained with reference to 
specific embodiments. Other embodiments will be evident to 
those of ordinary skill in the art. It is therefore not intended 
that this invention be limited except as indicated by the 
appended claims. 

What is claimed is: 
1. A method for recovering information from a single 

cycle of an analog waveform comprising: 

producing a first group of one or more pulses based on a 
first portion of Said analog waveform; and 

producing at least one Symbol based on Said first group of 
pulses. 

2. The method of claim 1 wherein Said Step of producing 
Said first group of one or more pulses includes detecting a 
first sloped portion of Said analog waveform or a first 
amplitude of Said analog waveform. 
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3. The method of claim 1 further including receiving a 
transmitted Signal and processing Said transmitted Signal to 
produce a received signal comprising Said analog waveform. 

4. A method for producing information from an analog 
waveform, said analog waveform having measurements of 
Slope and amplitude, Said method comprising: 

detecting a first measurement having a first value and in 
response thereto producing a first group of one or more 
pulses; and 

based on Said first group of pulses, producing at least one 
symbol. 

5. The method of claim 4 wherein said step of producing 
at least one Symbol is a step of producing a single Symbol 
based on Said first group of pulses. 

6. A communication method comprising: 
producing an analog waveform representative of one or 
more Symbols; 

transmitting Said analog waveform; 
receiving Said analog waveform; 
detecting portions of Said analog waveform to produce 

one or more groups of one or more pulses, and 
reproducing Said one or more Symbols from Said one or 
more groups of one or more pulses. 

7. The method of claim 6 wherein said analog waveform 
comprises a plurality of Single cycle analog waveforms, each 
Single cycle analog waveform corresponding to one of Said 
one or more symbols. 
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8. The method of claim 6 wherein said detecting includes 
detecting sloped portions of Said analog waveform. 

9. The method of claim 6 wherein said detecting includes 
detecting amplitudes of Said analog waveform. 

10. A circuit System for recovering information from one 
cycle of an analog waveform comprising: 

a first circuit having an input for receiving Said analog 
waveform, Said first circuit responsive to a first mea 
Surement of Said analog waveform by producing a first 
group of pulses, and 

a decoder circuit coupled to receive Said first pulses from 
at least Said first circuit, Said decoder configured to 
produce at least one symbol based on Said first pulses. 

11. The circuit system of claim 10 wherein said first 
measurement is a Slope of Said analog waveform. 

12. The circuit system of claim 10 wherein said first 
measurement is an amplitude of Said analog waveform. 

13. The circuit system of claim 10 wherein said decoder 
circuit is configured to produce a Single Symbol based on 
Said first group of pulses. 

14. The circuit system of claim 10 further including a 
receiver circuit for receiving a transmitted Signal, Said 
receiver circuit configured to extract Said analog waveform 
from Said transmitted Signal. 

15. The circuit of claim 10 wherein said first circuit is 
characterized by a transfer function having at least one 
unstable operating region bounded by two stable operating 
regions. 


