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METHOD AND APPARATUS FOR GENERATING PULSES FROM 
ANALOG WAVEFORMS 

BACKGROUND OF THE INVENTION 

S This invention relates to a waveform to pulse conversion technique and 

more particularly to techniques for converting arbitrary analog wavefonns to sequences 

of pulses. 

Pulse generators are well known, for example, for DC controllers and 

other applications. However, the 1Wical pulse generator is an adaptation of a 

10 conventional oscillator or monostable multivibrator, which can produce undesired or 

spurious transients when the pulse triggering is terminated. Such transients could be 

confused with trailing pulses, so that the counting of pulses is an inaccurate representation 

of the intended pulse count 

A typical pulse generator is responsive to a trigger related to a threshold 

15 level; that is!J 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 fh:reshold typically corresponds to the duration of the pulse train or oscillation 

period. 

A classic van der Pol (vdP) oscillator is a simple nonlinear oscillator 

20 circuit and is a useful starting point for use as a pulse generator. However, the classic 

vdP oscillator is not readily tunable. 

25 

Circuitry is needed which is simple and yet which addresses needs in 

specialized applications. 

SUMMARY OF THE INVENTION 

According to the invention, a method and apparatus are provided for 

generating output pulses or oscillations in response to input analog waveforms which 

involves exciting, with a known but arbitrary analog waveform, a circuit with a variable 

operating point and having a transfer function characterized by an unstable operating 

30 region bounded by a first stable operating region and a second stable operating region, the 

analog waveform having a first information region and a second information region, then, 

responsive to the sensing of the first itiformation region, forcing the variable operating 
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point to vary in order to initiate operation of the circuit in the unstable operating region to 

produce a sequence of o!cillations 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 

5 in order to terminate the oscillations, such that the initiating and terminating of 

oscillations altemate. 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 

10 operating region. A variety of input waveforms may map to a particular string of pulses. 

Decoding is not for the pmpose of identifying the type of input waveforms. One 

application is expressing information represented by the wavefonns. For example, a 

character set could be mapped to one or more cyclical waveforms. 

The invention will be better understood by reference to the following 

15 detailed description in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. IA and IB show two types of transfer functions contemplated by the 

invention. 

20 Figs. 2 and 3 show circuit arrangements for forcing the operating point 

between stable and unstable regions of operation. 

Figs. 4 - 6 show typical circuit configurations in accordance with the 

invention. 

Fig. 7 explains the relationship of the operating point and the transfer 

25 function in connection with stable and unstable operation. 

Fig. 8 are measurements taken from a prototype of the invention. 

Figs. 9A and 9B illustrate the information carrying capability of the 

technique in accordance with the invention. 

Figs. I 0 - 14 exemplify the variety of analog waveforms which can be 

30 used in connection with the method of the invention. 

DESCRIPTION OF 1lIB SPECIFIC EMBODIMENTS 

Referring to Figs. IA and IB, circuits contemplated by the present 

invention exhibit a transfer function having either an S-shaped appearance such as shown 
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in Fig. IA or the N~ appearance shown in Fig. lB. For the purposes of the present 

invention, the "transfer function" of a ciICUit refers to the relationship between any two 

state variables of a circuit. For example, electronic circuits are typically characterized by 

their 1-V curves, relating the two state variables of current and voltage. Such curves 

S indicate how one state variable (e.g., cunent) changes as the other state variable (voltage) 

varies. AB can be seen in Figs. lA and 18, 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. 

10 A circuit in accordance with the invention has an associated "opera1ing 

point' which is defined as its location on the transfer function 102. The nature of the 

. output of the circuit depends on the location ofits 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 oscillatoiy behavior. Hence, the region 104 in which 

1 S 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 l 08, the output of the circuit will exhibit a generally time­

varying but otherwise non-oscillatoiy behavior. For this reason, regions 106 and 108 are 

referred to as stable regions. 

20 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 

25 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 wavefonn generator 210. 

30 Referring to Fig. 3, an alternative configuration for varying the operating 

point of a circuit is shown. In this case, the circuit 302 has an N-shaped transfer function. 

In place of the capacitive element, an inductive element 304 is provided. As with Fig. 2, 

an arbitrary analog waveform source 210 completes the circuit. 
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An example of a circuit that exhibits an S-shaped transfer function is an 

operation amplifier (op-amp) configured 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-amp's output feeds back to its non-inverting input. 

S A 11}'ical 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. 

A circuit having an N-shaped transfer function can be realized using an op­

amp with a feedback resistor connecting the op-amp output to its inverting input. This 

configuration is shown in Fig. S, where an op-amp 502 includes a feedback path to its 

10 inverting input via resistor 504. 

A further example of a circuit having an N-sbaped transfer function is 

shown in Fig. 6. Here, a tunnel diode 602 is coupled to arbitrary analog wavefonn 210 

through inductive element 606. The output V out is taken across resistor 604, which 

couples the other end of diode 602. 

1 S Refer back to the S-sbaped transfer function of the circuit shown in Fig. 4. 

The relation of V and i is expressed as V = 'l'(i) when the rate change of i is zero. V • is 

the arbitrary analog waveform. Fig. 7 shows the transfer function of the circuit shown in 

Fig. 4. The output saturation voltage of op-amp 402 is proportional to B+ when the 

differential voltage cv+ -V) is greater than zero. Conversely, the output saturation 

20 voltage is proportional to E" when the differential voltage is less than zero. 

The equations relating voltages Va, V c, V, and current i are: 

V0 =Vc+V (1) 

dV = dV0 _.!_ (2) 
dt dt c 
limL~=V-'P(i) (3) 
L-+O tJt 

where L is a parasitic inductance which could be present in the fonn a a wire lead of a 

component. 

25 The circuit of Fig. 4 has operating points of importance along the transfer 

function curve. These operating 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 = 'P(i). To simplify the analysis, 

assume that Va is triangular wavefonn source. The time derivative of this waveform 

source is equal to ±V 0 where V 0 is a constant. Hence, the operating points occur at the 
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intersection of i = +cV 0 and the piecewise linear function of the transfer function and at 

the intersection of i = -CV o and the piecewise linear function. If the operating point lies 

on either of the positive slope lines slopel or slope3 as shown in Fig. 7 (Le., the stable 

regions), the output of the circuit is non-oscillatory. However, if the operating point lies 

S on the negative slope line slope2, namely, the unstable region, a continuous iumping" 

phenomenon 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 slopel and slope 3 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 

10 line i = -CV.,. This means that oscillations will be observed only when dV Jdt is negative. 

When dV Jdt is positive, no oscillatory activity is observed. By cruuigmg 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 

15 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 wavefonn. 

A prototype of the circuit shown in Fig. 4 was built and tested to confirm 

20 the foregoing principles. The arbitrary analog signal in this case was a I kHz triangular 

wavefonn 802. The amplitude of the wavefonn was 250 mV. Rr = 1 kO, Ri = 10 n, and 

R2 = 100 0. A 10 nF capacitor was used. The op-amp was biased at Vee= 1.5 V. The 

plot of Fig. 8 includes the arbitrary signal Va 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 

25 the slope ( dV Jdt) of the arbitrary analog signal Va is positive, during time period t1 for 

example. As expected, at another time period to, oscillations occur only when dV ,/dt is 

negative. 

Referring now to Figs. 9A and 9B, the discussion turns to an explanation 

of how arbitrary analog wavefonns can be used to carry information for N-shaped 

30 transfer function curves. Recall that an arbitrary wavefonn can be applied to a cirCuit 

having the foregoing transfer function in a way that produces oscillatory ·or non~ 

. oscillatory behavior at its output. Consider the arbitrary waveform (in this case a 

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

902. 

For such circuits, the voltage amplitude of the applied analog signal is the 

"forcing" agent which moves the ope~ting point of the circuit into the circuit's stable 

S regions 904~ 908 and unstable region 906. During time interval 0 < t <to, the amplitude 

of waveform 920 "forces" the operating 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< t <ti. the waveform "forces" the operating point 

10 along.the portion of the transfer iUnction 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. 

During the time that waveform 920 is in region 910, a certain number of 

oscillations will have been produced. These oscillations can be counted. Any of a variety 

15 of methods can be used for counting, since pulse counting is known in the relevant arts. 

For example, a zero-aossing technique can be used. This number of oscillations 

represents infonnation, and hence region 910 can be referred to as a first information 

region of waveform 920. The region 912 of the wavefonn can be used, by convention, to 

separate the information region 910 of one waveform from the information region of the 

20 next waveform. In this respect, region 912 can be referred to as a second infonnation 

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 ofth.e wavefonn. The 

important aspect is that the operating point alternate between the unstable region 906 of 

transfer function 902 durmg a first·time duration and one of the stable regions 904, 906 of 

25 the transfer function during a second time duration. 

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 

30 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. 
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From the foregoing, it can be seen that the information region 910 of an 
~ 

analog waveform can be appropriately "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 waveform I 002 can be appropriately moduluated to produce 

S any of three peak values A1 (cycle c1), A1 (cycle. Cl), and Al (cycle c3). Each peak 

produces a corresponding number of oscillations, ni, Jl2, and n3. 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. 

Fig. 11 shows a configuration where a pulse-like wavefonn 1102 is 

10 modulated. Here, the duration of the waveform can be used to produce a desired number 

of oscillations. For example, in cycle ci, the information ~gion 1111 has a duration d1 

which produces a first number n1 of oscillations. In cycle Cl, the information region 1112 

bas a duration d2 < dJ and thus produces a second number n1 :/: ni of oscillations. Finally, 

in cycle c3, the information region 1113 h8s a duration d.3 < d1 to produce yet a third 

IS number of oscillations. 

In the most general case, the kind of wavefonn can vary fonn one cycle to 

the next. Thus, in a first cycle, the wavefonn may be sinusoidal. The very next 

wavefonn can be a square wave. This configuration is shown in Fig. 12. In cycle 1, a 

wavefonn 1202 comprises a sinusoidal wavefonn which correlates with a certain number 

20 of oscillations. The number of oscillations will depend on factors such as amplitude of 

the information region of the wavefonn, 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 operating 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 

25 cycle 3. Fig. 13 shows a configuration 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. 

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 

30 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 wavefonns would be selected to 

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

idvantage lies in the ability to select some arbitrary combination of arbitrary analog 

waveforms to represent information. Such information can then be transmitted by 

S selecting waveforms which are appropriate for transmission by conventional methods. 

Hence, any conventional transmission medium, wireless or wired, can be used with the 

invention. 

This invention has beeD explained with reference to specific embodiments. 

· Other embodiments will be evident to those of ordinary skill in the art. It is therefore not 

10 intended that this invention be limited except as indicated by the appended claims. 
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WHAT IS CLAIMED IS; 

1 1. A method for generating pulses from analog waveforms 

2 comprising: 

3 exciting, with a known but arbitrary analog waveform, a circuit with a 

4 variable operating point and having a transfer function cbaracterized by an unstable 

S operating region bounded by a first stable operating region and a second stable operating 

6 region, wherein said analog waveform has a first information region and a second 

7 information region; 

8 responsive to sensing of said first information region, forcing said variable 

9 o~ting point to vary in order to initiate operation of said circuit in said unstable 

10 operating region to produce at least one oscillation, said oscillation having a frequency 

11 greater than the rate of change of said operating point; and 

12 responsive to sensing of said second information region, forcing said 

13 variable operating point to vary into either one of said stable operating regions in order to 

14 terminate said at least one oscillation without transients; 

15 wherein said initiating and said tenninating alternate. 

1 2. The method according to claim 1, wherein said analog wavefonn is 

2 cyclical. 

1 

2 

3 

1 

3. The method of claim 1, wherein said analog waveform is selected 

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

optimized symbol. 

4. The method according to claim 1, wherein said analog wavefonn is 

2 cyclical and wherein said cycles comprise mixtures of different waveform types, 

3 including time-varying channel-optimized symbols. 

1 5. The method according to claim l wherein said at least one 

2 oscillation has a peak to peak amplitude of at least zero to a maximum value relative to 

3 non-oscillation. 

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

2 · negative impedance element, wherein said unstable operating region is a negative 
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impedance region, and wherein said opera1ing point is forced into said unstable region by 

a time varying input signal. 

7. The method according to claim 1 wherein said circuit includes an 

operational amplifier circuit with feedback, and having series input through a capacitor, 

wherein said unstable operating region is a negative resistance region, and wherein said 

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

capacitor. 

8. The method according to claim I wherein said circuit includes a 

negative impedance element, and having series input through an inductor, wherein said 

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

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

inductor. 

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

tunnel diode element, and having series input through an inductor, wherein said unstable 

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

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

10. A decoding system for generating pulses from analog wavefonns 

2 comprising: 

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

4 analog wavefonn having a first infonnation region and a second infonnation region; 

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

6 characteriz.ed by an unstable operating region bounded by first stable operating region and 

7 a second stable operating region; 

8 said circuit being responsive to sensing of said first infonnation region to 

9 force said variable operating point to vary in order to initiate operation of said circuit in 

10 said unstable operating region to produce at least one oscillation, said oscillation having a 

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

12 further responsive to sensing of said second infonnation region to force said variable 

13 operating point to vary into either one of said stable operating regions in order to 

14 terminate said at least one oscillation without transients, and wherein said initiating and 

15 said terminating alternate. 
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1 11. The system according to claim 10, wherein said analog waveform 

2 is cyclical. 

1 12. The system o~ claim 10, wherein said analog waveform is selected 

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

3 optimi7.ed symbol 

1 13. The system according to claim 10, wherein said analog waveform 

2 is cyclical and wherein said cycles comprise mixtures of different waveform types, 

3 including time-varying cbannel-optimiml symbols. 

1 14. The system according to claim 10 wherein said at least one 

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

3 oscillation. 

1 15. The system according to claim 10 wherein said circuit includes a 

2 negative impedance element, wherein said unstable operating region is a negative 

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

4 a time varying input signal. 

1 16. The system according to claim 10 wherein said circuit includes an 

2 operational amplifier circuit with feedback, and having series input through a capacitor, 

3 wherein said unstable operating region is a negative resistance region, and wherein said 

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

S capacitor. 

1 17. The system according to claim 10 wherein said circuit includes a 

2 negative impedance element, and having series -input through an inductor, wherein said 

3 unstable operating region is a negative impedance region, and wherein said operating 

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

5 inductor. 

1 18. The system according to claim 10 wherein said circuit includes a 

2 tunnel diode element, and having series input through an inductor, wherein said unstable 

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

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

11 

llll:lflll llllll lllll lllll II llll 
*CL Ms·* 


