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(54) Method and apparatus for generating a periodic waveform

(57) A programmable control circuit is disclosed for
generating a periodic waveform. The circuit includes an
amplifier.having both positive and negative feedback.
The circuit is easily programmable by varying the com-

ponent values and/or the input signal. In one embodi-
ment, the circuit may further comprise a flip-flop.
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Description

[0001] The present invention relates generally to a
programmable circuit and, more particularly to a circuit
for generating a programmable power curve, ramp and
waveform.
[0002] Various forms of lamps, such as fluorescent
and incandescent, include at least one fragile filament.
Lamp filaments and other dynamic loads exhibit imped-
ance that varies, for example, as a function of temper-
ature (i.e., as the temperature of the filament increases
due to current-induced heating, the impedance increas-
es). When power is supplied to the lamp, the filament is
usually cold and the resistance is low., At power-up, the
initial current can be as high as ten to twenty times great-
er than the normal operating current. Repeated cold-
current surges will degrade the filament and result in
premature failure of the lamp.
[0003] The high initial current can be controlled with
a soft-start circuit. Soft-start circuits are used to control
the rate at which power is applied to the dynamic load.
Generally, it is desirable to increase the power to the
load in a smooth manner. Thus, controlling the rate of
power application to the lamp results in heating the fila-
ments at a slower rate and reduces the risk of filament
damage.
[0004] One soft-start technique is a "trickle current"
which provides a relatively small, continuous current to
the dynamic load when it is not operating. The continu-
ous flow of current keeps the load warm and the imped-
ance high. When full power is suddenly applied, the
surge current is reduced. The trickle current system,
while simplistic, does require extraneous or sequenced
power supplies and does not eliminate the surge cur-
rent, only reduces it. Further, the continuous supply of
current required to implement this technique can be
costly and inefficient.
[0005] Another technique for reducing the surge cur-
rent effect is through a thermistor or other temperature
dependent resistance. When power is initially applied,
the current flows through the thermistor producing rapid
heating and high resistance. As the thermistor heats up,
the resistance stablilizes and the operating current is
achieved. A thermistor is rugged and relatively inexpen-
sive, but its behavior is difficult to predict. A thermistor
also disssipates a significant amount of power during
normal operation which can affect its resistive values.
[0006] A series inductor may also limit surge current
in some applications which require large current. Induc-
tive chokes are magnetic components that obey Lenz's
Law. At power-on, the magnetic field created by the in-
ductor reduces the initial current and diminshes the sud-
den surge current to the load. In many environments,
the addition of a strong magnetic field may not be desir-
able. Furthermore, inductive chokes tend to be bulky,
heavy and dissipate power during normal operation.
[0007] A current regulation system including a small
sense resistor coupled to the load is yet another soft-

start technique. The voltage across the resistor provides
feedback for controlling the power supplied to the load.
Such systems offer very brief control before full power-
up, usually around 20 to 100 milliseconds, and this pe-
riod may be too short for applications with large initial
currents or particularly sensitive loads.
[0008] The present system overcomes the prior art
problems by providing a programmable circuit with low
electronic component count. More particularly, the
present invention provides a programmable power
curve and ramp generator circuit particularly useful in a
soft-start application.
[0009] According to the present invention there is pro-
vided a programmable circuit for generating a periodic
waveform comprising:

an amplifier having a voltage input, a voltage output,
a negative feedback and
a a positive feedback, wherein said negative and
positive feedbacks are electrically connected be-
tween said voltage input and said voltage output;
a threshold detector having at least one detector in-
put terminal connected to said amplifier, and one
detector output terminal;
a pulse generator connected to said detector output
terminal; and
a switch coupled to receive a pulse from said pulse
generator; wherein the periodic waveform appears
at said voltage output.

[0010] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood with regard to the following description, appended
claims, and accompanying drawings where:

Figure 1 illustrates in block format a control system
in accordance with the present invention;
Figure 2 illustrates an exemplary programmable cir-
cuit diagram in accordance with the present inven-
tion;
Figure 3 depicts Figure 2 in block format;
Figure 4 illustrates an output waveform of an exem-
plary programmable circuit in accordance with the
present invention where (R2) = (R1 );
Figure 5 illustrates in a divergent output waveform
of an exemplary programmable circuit in accord-
ance with the present invention;
Figure 6 illustrates

in a convergent output waveform of the prior art;
Figure 7 illustrates an output waveform of an exem-
plary programmable circuit in accordance with the
present invention where the ratio of (R2) to (R1) is
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increased;
Figure 8 illustrates an output waveform of an exem-
plary programmable circuit in accordance with the
present inventionwhere (R2)>> (R1 );
Figure 9 illustrates one embodiment in accordance
with the present invention where (R1) comprises
logic diodes;
Figure 10 illustrates another embodiment in accord-
ance with the present invention where (R1) com-
prises zener diodes;
Figure 11 illustrates another embodiment in accord-
ance with the present invention where (R2) com-
prises a voltage divider;
Figure 12 illustrates in block format a sensor em-
bodiment of the control system in accordance with
the present invention;
Figure 13 illustrates a periodic monopolar wave-
form generator in accordance with another embod-
iment of the present invention; and
Figure 14 illustrates a periodic bipolar waveform
generator in accordance with another embodiment
of the present invention.

[0011] The ensuing descriptions are preferred exem-
plary embodiments only, and are not intended to limit
the scope, applicability, or configuration of the invention
in any way. Rather, the ensuing descriptions provide a
convenient description for implementing preferred em-
bodiments of the invention, it being understood that var-
ious changes may be made in the function and arrange-
ment of elements described in the preferred embodi-
ments without departing from the spirit and scope of the
invention as set forth in the appended claims.
[0012] A control system according to various aspects
of the present invention controls the power supplied to
a load such as, for example, a lamp. In one embodiment,
the control system is particularly configured to control
the initial current which can damage a lamp filament. In
addition, the control system of the present invention is
particularly suited for lamps used in backlighting a liquid
crystal display (LCD) used in various applications such
as, for example, avionics displays, laptop computers,
video cameras and automatic teller machine displays.
Those of skill in the art will recognize that the present
control system may be used in any suitable application
which may be subject to damage or other adverse ef-
fects due to a high initial current. .
[0013] Referring to Figure 1, a control system 100 ac-
cording to various aspects of the present invention con-
trols the current application of power from power supply
102 to load 104. In general, load 104 represents any
current-sensitive load that can be damaged by a surge
current at start-up. One skilled in the art will recognize
that power supply 102 may be determined by the type
of load. For example, power supply 102 may be any con-
trollable power supply such as, but not limited to, switch-
ing power supplies (e.g., pulse width regulator) and lin-
early regulated power supplies.

[0014] Referring to Figure 2, control circuit 200 in-
cludes an amplifier 202 having a negative feedback 204
and a positive feedback 206. As shown, amplifier 202
may comprise a conventional operational amplifier ("op
amp") such as, but not limited to, the 741-type op amp.
[0015] In one exemplary embodiment, negative feed-
back 204 comprises a resistor (R1) 208 in electrical
communication with a resistor (R2) 210. Positive feed-
back 206 comprises a standard RC (resistor 214, ca-
pacitor 212) lag which is practical and programmable.
Typically amplifiers require DC power to operate. There-
fore, the input voltage to control circuit 200 is constant
and does not vary with time. However, the input voltage
may be varied in magnitude to modify the output.
[0016] The circuit may be more easily understood with
reference to the exemplary block diagram of Figure 3.
Positive feedback 302 behaves as a lag and can be de-
signed to modulate the rate of change 304 of the circuit.
The gain 306 of the circuit may be varied by changing
the value of the components in negative feedback 308.
[0017] With reference to Figure 4, a sample output
waveform of the circuit shown in Figure 2 is illustrated.
In this example, assume the value of resistor (R1) 208
is set substantially equal to the value of resistor (R2)
210 and capacitor 212 is completely discharged. In op-
eration, applying a small voltage to the input of the circuit
results in a voltage output equal in magnitude to the in-
put but opposite in polarity. Because the inverting input
220 and non-inverting input 222 of amplifier 202 must
be at the same potential, no charge is yet accumulated
on capacitor 212. However, capacitor 212 begins charg-
ing almost immediately via resistor (R) 214 with a charge
current equal to the output voltage divided by the resist-
ance 214. As capacitor 212 charges, the voltage at non-
inverting input 222 begins to exponentially increase.
The voltage at inverting input 220 mimics the voltage at
non-inverting input 222. This action causes the voltage
at the output to increase, which in tum increases the
charging current to capacitor 212. This operation caus-
es the output voltage to the power supply to gradually
increase and will continue until the limitations of the con-
trol circuit are reached.
[0018] In one embodiment of circuit 200 of the present
invention, (R2) is approximately equal in value to (R1 ).
With continued reference to Figure 4, it is apparent from
waveform 400 that there is a significant period prior to
full operating power when (R2) is approximately equal
to (R1). In addition, it is clear from Figure 4 that if (R2)
is approximately equal to (R1), a divergent exponential
function results.
[0019] Referring now to Figure 5, the voltage output
waveform of the circuit of Figure 2 is illustrated. Wave-
form 500 diverges because the current charging capac-
itor 212 continually increases instead of decreases. As
the voltage at non-inverting input 222 increases, the
voltage at inverting input 220 also increases. Capacitor
212 begins charging almost immediately and continues
to increase until the voltage limits are reached. The neg-

3 4



EP 1 372 361 A1

4

5

10

15

20

25

30

35

40

45

50

55

ative and positive feedback 204, 206 of the present in-
vention produce the divergent output waveform with the
depicted rate of change.
[0020] Figure 6 illustrates the signal from a prior art
amplifier. Figures 5 and 6 are normalized with respect
to time and voltage for exemplary purposes. The prior
art circuit represented by waveform 600 exhibits an
abrupt jump in voltage output at time equal to 1. In fact,
at time equal to 1, waveform 600 is already at one half
of the full operating power. In comparison, at this same
time, exemplary waveform 500 of the present invention
has only slightly increased in voltage and does not reach
half operating power until after time equal to 6. Avoiding
sharp increases in output voltage, especially at start-up,
reduces the damaging stress on the load and increases
the operating lifetime of the load.
[0021] Another advantage of the divergent waveform
of the present invention is further demonstrated by com-
paring waveforms 500 and 600. Typically, exponential
output waveforms (convergent and divergent) maintain
a smooth shape. Differences between the two exponen-
tial waveforms lie in the rate of increase. The change in
voltage with respect to time,

is the rate at which the voltage changes over time. With
reference to Figure 6,

is illustrated near the horizontal asymptote of waveform
600. At time equal to 6.5, has covered approximately
3 units of time (i.e., 3.5 to 6.5). Exemplary waveform 500
of the present invention has a much smaller of only υ
unit of time (i.e., 6.0 to 6.5) near the vertical asymptote.
Therefore, in the interval of interest, waveform 500 ex-
hibits a greater rate of voltage change. The output wave-
form of the present invention avoids rapid initial increas-
es in voltage change while steadily increasing the volt-
age to the power supply of the load. Gradually increas-
ing power, in accordance for example, with the exem-
plary power waveform of Figure 5, results in an efficient
application of power (i.e., the power supply applies pow-
er as the circuit "warms up").
[0022] Another advantage of the present invention, al-
so illustrated by Figures 5 and 6, is the precision timing
achievable by the present invention. Referring again to
waveform 600,

has covered approximately 3 units of time. This means
that a change in voltage occurring at the output of the
prior art circuit will occur somewhere within these 3 units
of time. On the other hand, waveform 500 covers a much
smaller

equal to approximately υ unit of time. The smaller inter-
val enables a higher level of accuracy in pinpointing the
time of the voltage on waveform 500.
[0023] Yet another advantage of the present inven-
tion, is its programmability. By increasing, decreasing or
modifying the values of the electrical components of
control circuit 200 and/or changing the input signal to
the circuit, the performance of the circuit can be pro-
grammed. For particular loads in specific environments,
the exponential nature of the increase in voltage during
start-up may not be desirable. Rather, such applications
may require a lower rate of change or a linear power
curve.
[0024] To illustrate the flexibility of the present inven-
tion, Figure 7 shows the resulting output waveforms as
resistors (R2) and (R1) are varied. As a reference,
waveform 400 is duplicated as waveform 700 to illus-
trate an exemplary output when (R2) is substantially
equal to (R1). As the ratio of (R2) to (R1) increases, the
voltage at the output of control circuit 200 relative to in-
verting input 220 becomes relatively constant as capac-
itor 212 charges. This in turn supplies capacitor 212 with
a current that is substantially constant and causes ca-
pacitor 212 to charge linearly. As the ratio of (R2) to (R1)
further increases, the rate of change further increases
as illustrated by exemplary output waveform 702. Out-
put waveform 704 and, more particularly, output wave-
form 800 of Figure 8 illustrate the near-perfect linearity
of the output of circuit 200 as the ratio of (R2) to (R1)
increases.
[0025] In another embodiment of present invention,
(R1) is replaced with one or more logic diodes. Referring
now to Figure 9, control circuit 900 comprises two di-
odes 902 in negative feedback 904 and a RC lag 906 in
positive feedback 908. In this embodiment, diodes 902
are connected in parallel but in opposite direction, there-
by allowing bipolar operation. Thus, the output may trav-
el in either a positive or negative direction. The diode
configuration causes the voltage across resistor (R) to
become constant which in turn supplies capacitor (C)
with a constant current. Capacitor (C) is now charging
linearly Instead of exponentially. The voltage drop
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across diode 902 increases logarithmically with the in-
crease in current, and decreases linearly with an in-
crease in temperature. The current and temperature ef-
fects cause only slight yet noticeable variations. Thus,
the input voltage and ambient temperature are depend-
ant variables in system 900.
[0026] The output waveform (not shown) may be pro-
grammed to control the slope of the ramp (e.g., a linear
ramp which steadily increases) by changing the input
signal and/or the values of (R) and (C) and more spe-
cifically according to the formula

where i is the current to capacitor (C). One skilled in the
art will readily recognize the capacitor formula and ap-
preciate the inherent programmability of the present in-
vention. For example, (R) (or any of the resistors in the
circuits) can comprise a digital resistor or digital poten-
tiometer. The potentiometer can be controlled by, for ex-
ample, digital hardware (e.g., chip) and/or software (e.
g., computer program).
[0027] In Figure 10, another embodiment of the
present invention, negative feedback 1006 comprises
one or more zener diodes 1002 and an equal number
of logic diodes 1004, and positive feedback 1008 com-
prises a RC lag 1010. Logic diodes 1004 are placed in
series with each zener diode 1002 for bipolar operation.
This configuration prevents the zener diodes from be-
having like logic diodes in the reverse direction. Replac-
ing (R1) with a combination of zener diodes 1002 and
logic diodes 1004 forces the voltage across resistor (R)
to remain constant. The current to capacitor (C) is also
constant, thus causing capacitor (C) to charge linearly.
Unlike exemplary system 900, the zener diode configu-
ration of Figure 10 is neither voltage nor temperature
dependent. Because the voltage of zener diodes 1002
is large in comparison to the change in voltage of diodes
1004, the change goes unnoticed by circuit 1000. Zener
diodes 1002 are chosen to achieve temperature invari-
ance by, for example, having a temperature coefficient
complimentary to logic diodes 1004.
[0028] Figure 11 illustrates still another embodiment
of the present invention comprising a voltage divider cir-
cuit. Resistor (R2) is replaced by resistors (R2A) 1102
and (R2B) 1104 in circuit 1100. Resistors 1102 and 1104
are electrically connected to form a voltage divider. This
embodiment is especially suited for one time soft-start
functions at power up and then repeat only when power
is applied again. Further, this embodiment utilizes the
existing power supplies necessary to power the other
circuitry such as the amplifier.
[0029] The physical variables of the load can directly
influence the amount of current the load can accept. For
example, a lamp filament used in a display system of an

airplane cockpit may experience drastic temperature
changes depending on where the plane is flying. In
warmer climates, the lamp filament can withstand higher
currents in less time and is usually brought to full oper-
ating current rapidly. However in colder climates, the
cold lamp filament requires a slower application of cur-
rent and is more susceptible to damage if current is sud-
denly applied.
[0030] With reference to Figure 12, another embodi-
ment of the present invention includes a sensor device
to monitor the temperature of the load. Control system
1204 controls the application of power from power sup-
ply 1206 to load 1202. It is advantageous to determine
the optimal rate to supply full operating current (e.g.,
when the load is properly "warmed-up"). Sensor 1200
is suitably coupled to load 1202 to receive periodic tem-
perature readings from the load. Temperature informa-
tion is transmitted from sensor 1200 to the voltage input
of control 1204. The voltage input Is increased relative
to the increase in temperature of load 1202. Thus, as
the load temperature increases indicating more power
can be safely supplied, the voltage input is adjusted ac-
cordingly. This exemplary configuration permits the low-
er rates of change needed to reduce load damage in,
for example, severely cold climates. Those skilled in the
art will recognize that similar physical variables which
can effect the amount of power supplied to a load may
be monitored and are intended to be included in the
scope of this invention (e.g., humidity, light, pH, pres-
sure, available power).
[0031] Further embodiments of the control circuit of
the present invention can be used for, but not limited to,
testing particular types of loads. As mentioned earlier,
the unique combination of both positive and negative
feedback generates a divergent waveform. The diver-
gent waveform of the present invention can be replicat-
ed in a pulse pattem. Referring now to Figure 13, a mo-
nopolar periodic waveform generator 1300 is disclosed
in accordance with the present invention. In this embod-
iment, the circuit configuration of Figure 2 having both
positive and negative feedback is coupled to a threshold
detector 1302, a pulse generator 1304 and a switch
1306. One skilled in the art will quickly recognize the
functions of the circuit.
[0032] For some applications, it is desirable to gener-
ate both positive and negative pulses. The embodiment
of Figure 13 can be enhanced to produce a bipolar pe-
riodic waveform. In addition to the exemplary compo-
nents of Figure 13, circuit 1400 of Figure 14 comprises
a flip-flop 1402, a second voltage supply (noted gener-
ally from Figure 14 as "Input (+) and Input (-)"), and at
least two additional switches 1404 and 1406. The addi-
tional switches 1404 and 1406 each receive an input
voltage signal of opposite polarity from the other.

7 8



EP 1 372 361 A1

6

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A programmable circuit for generating a periodic
waveform comprising:

an amplifier (202) having a voltage input, a volt-
age output, a negative feedback (204) and
a positive feedback (206), wherein said nega-
tive and positive feedbacks are electrically con-
nected between said voltage input and said
voltage output;
a threshold detector (1302) having at least one
detector input terminal connected to said am-
plifier, and one detector output terminal;
a pulse generator (1304) connected to said de-
tector output terminal; and
a switch (1306) coupled to receive a pulse from
said pulse generator; wherein the periodic
waveform appears at said voltage output.

2. The programmable circuit of claim 1, further com-
prising a flip-flop (1402) having first and second out-
put leads and one input lead, said input lead cou-
pled between said pulse generator and said switch,
and said first and second output leads being cou-
pled to a first and a second power input, respective-
ly, said second power input having an opposite po-
larity of said first power input.
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