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Tiile: METHOD AND APPARATUS FOR PROGRAMMABLE POWER
CURVE AND WAVE GENERATOR

Fieid of the Invention

The present invention relates generally to a programmable circuit and,
more particulzdly to a circuit for generating a programmable power curve, ramp
and waveform.

Background of the Invention
Various forms of lamps, such as fivorescent and incandescent, include at

least one fragile filament. Lamp filaments and other dynamic loads exhibit
impedance that varies, far example, as a function of temperature (i.e., as the
temperature of the filament increases due %o curreniinduced heating, the
impedance increases). When power is supplied o the lamp, the filament is
usually cokd and the resistance is low. Al power-up, the initial current can be as
high as ten to twenty times greater than the nermal operating current, Repesied
cold-current surges will degrade the filament and result in premature {ailure of the
lamp.

The high inttial current can be controied with a soft-start circuit. Sofi-stari
circuits are used to contro the rate at which power Is applied to the dynamic load.
Generally, it is desirable io increase the power to the load in a smooih manner.
Thus, contraliing the rate of power applicaticn to the lamp results in heating the
filaments at a slower rate and reduces the risk of filament damage.

One soft-start technique is a "rickle current” which provides a relatively
small, continuous current ta the dynamic load when it is not operating. The
continuous flaw of current keeps the load warme and the impedance high. When
full power is suddenly applied, the surge current is reduced. Tha trickle current
system, whils simplistic, does require exfraneous or sequenced power supplies
and does net eliminate the surge current, only reduces it. Further, the continuous
supply of current required to implement this technique can be costly and

inefficient.

JP 2004-501487 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

5

30

(15)

WO 0141522 PCTIUSOTI6392

Another technique for feducing the surge current effect is through a
thermistor or other temperature dependent resistance. YWhen power is initially
applied, the current fows through the thermistor preducing rapid heating and high
resistance. As the fhemnister heats up, the resisiance stabilizes and the
operating current is achieved. A thermistor is rugged and relatively inexpensive,
but its bekavior is difficult to predict. A thermistor also dissipates a significant
armount of pawer during normal operation whish can affect its resisiive values,

A series inductor may also fimit surge current in some applications which
require large current.  {nductive chokes are magnetic components that chey
Lenz's Law. At power-an, the magnetic field created by the inductor reduces the
initial current ang ﬁiminishes the sudden surge cusrent to the load. In many
environments, the addition of a streng magaetic field may not be desirable.
Further, inductive chokes tend to be bulky, heavy and dissipele power during
normal operation.

A curren} regulation system inciuding a small sense resisfor coupled to the
lcad is yet another soft-start technique. The voltage across the resistor provides
feedback for controfling the power supplied fo the load. Such systems offer very
brief control before full power-up, usually arourd 20 to 100 miliseconds, and this
period may be too short for applications with large initial currents or particularly
sensitive loads.

Summary of the Invention

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 particu{arty useful in & soft-start applicatian.

In one smbediment, the programmable contrel circuit comprises an
amplifier with positive and negative feedback. The negative feedhack comprises
the gain of the eircuit and the positive feedback comprises a time lag, In an
exemplary embodiment, the negative feedback includes a resisior (R1) and a
resistor (R2). The fime lag inciudes a resistor (R) and a capacitor {(C). The
conirof circuit effectively confrols 2 power supply coupled to a foad and reduces
the high inltial surge current. The clreuit components ang input signal may be
medified fo deliver a programmable power curve.

2
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In exemplary embediments, the programmable control circuit produces a
limear ramp output by increasing the ratio of (R2) to (R1). Moreover, repiacing
resistor (R1) with logic diodes andfor zener diodes further improves the linearity
of the ramp,

In yet another embodiment, a fixed input voliage at power-on is realized by
replacing resistance (R2) with two resistors, (R2A) and (R2B), to form a voltage
divider. This technique is particularly useful for soft-start functions at power-up.

In still another embodiment, a sensor coupled to a load measures a
variable of interest. Measurement information is used to control the voltage input
to the contral circuit  In 2 particular embaditment, the sensor measures the
temperature of the load. As the temperature of the icad increases, ihe voftage to
the contrel circuit is increased.

In yet another embodiment, a pericdic monogolar waveform generator is
reglized by adding a thresheld detector, a pulse generator, and a switch. A
bipolar waveform can also be formed with the addition of two more switches, a
flip-fiep, and another nput signal of opposite polarity.

Brlef Description of the Drawings

These and other features, aspects, and advantages of the present
invention witl bacome better understcod with regard to the following description,
appended claims, and accompanying drawings where;

Figure 1 illusirates in block formai a conirol system in accordance with the
present invention; .

Figure 2 illustrates an exemplary programmable circuit diagram in
accordance with the present inventionr;

Figure 3 depicts Figure 2 in block format;

Figuse 4 illustrates an owlpui waveform of an exemplary programmable
circuit in ascordance with the present invention where (R2) = (R1);

Figure 5 illustrates[%]in a divergent auiput waveform of an exemplary

programmable circuit in accordance with the present invention;

JP 2004-501487 A 2004.1.15
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Figure & ilustrates [‘:—;) in & convergent output waveform'of the prior art;

Figure 7 illustrates an ouiput waveform of an exemplary programmable
circuit in accordance with the present invention whera the ratio of (R2} to {(R1) is
increased;

Figure 8 illustraies an output waveform of an exemplary programmable
circuit in accordance with the present invention where (RZ) >» (R1Y),

Figure @ illustrates one embodiment In accordance with the present
invention where {R1) comprises logic dicdes;,

Figure 10 illustrates another embodiment in accordanca with the present
invention where (R1) comprises zener diodes;

Figure 11 illustrates another embodirment in accordance with the present
invention where (R2) comprises a voltage divider;

Figure 12 illustrates in tlack format a sensor embodiment of the control
system in accordance with the present invention;

Figure 13 ilusirates a periedic meonopolar waveform generator in
accerdance with another embodiment of the present invention; and

Figure 14 llustrates a periodic bipolar waveform generator in accordance
with another embodiment of the present invention.

Detailed Description of the Preferred Embodimant

The ensuing descriptions are preferred exemplary embodimants only, and
are not intended te limit the scope, applicability, or configuration of the invention
in any way. Rather, the snsuing descriptions provide a convenient description for
implemeniing preferred embodiments of the inventian, it being understoad that
various changes may be made in the function and arrangement of slements
described in the preferred embodiments without departing from the spirit and
scope of the invention as set forth i the appended claims.

A control system according to various aspects of the present invention
controls the power supplied 1 a Ioad such as, for example, a lamp. In one
embodiment, the control system is parlicularly configured to control the initial
current which can damage a lamp filament. In addition, the contral system of the
present invention is particularly suited for lamps used in backlighting a liguid

4
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orystal gisplay {LCD) used in various applications such as, for example, avionics
displays, laptop computers, videc cameras and auvlomatic feller machine
displays. Those of skill in the art will recognize that the present control system
may be uged ih any suitable application which may be subject to damage or other
adverse effects due to a high initial curent.

Referring to Figure 1, a control system 100 arcording to various aspects of
the present invention controls the currant application of power from power supply
102 ta lgad 104, In general, load 104 reprosents any current-sensitive load that
can be damaged by a surge current at startup. One skiled in the art wil
recognize that power supply 102 may be determined by the type of load. For
example, power supply 102 may be any controllable power supply such as, but
not limited to, switching power supplies (e.g.. pulse width yegulator) and linearly
regulated power supplies.

Referring to Figure 2, contro! gircuit 200 includes an amplifier 202 having a
negative feedback 204 and a positive fesdback 206. As shown, amplifier 202
may comprise a conventional eperational amplifier {"op amp®) such as, but not
limited to, the 741-type ap amp.

In one exemplary embodiment, negative feedback 204 comprises a
resistor {(R1) 208 in electrical communication with a resistor (R2) 210, Positive
feedback 206 comprises a standard RC (resistar 214, capacitor 212) lag which is
practical and programmable. Typically amplifiers require DC power to operate,
Therefore, the input voltage to control circuit 206G is constant and does not vary
with time. However, the input voltage may e varied in magnitude to modify the
output.

The gircuit may he more easily understood with reference to the exemplary
block diagram of Figure 3. Positive feedback 302 behaves as a lag and can be
designed to modulaie the rate of change 304 of the zircuit,. The gain 306 of the
circuit may be varied by changing the valus of the somponents in negative
feadback 308.

With reference to Figure 4, a sample output waveform of the circuit shown
in Figure 2 is illustrated. In this example, assume the vaiue of resistor (R1) 208 is
set substantially equal to the value of resistor (R2) 210 and capacitor 212 is
complatsly discharged. In operation, applying a small voltage to ithe input of the

3
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circuit results in 2 voltage oulput equal in magnitude to the input but opposits 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 charging almest immesiately via resistar (R)
214 with a c¢harge cumrent equal %o the output voltage divided by the Tesistance
214. As capacitor 212 charges, the voltage at nen-inveriing input 222 begins io
exponentially increase, The voliage at inverting input 220G mimics the voltage at
non-inverting input 222, This action causes the voltage at the output to increasa,
which in &urn increases the charging current to capaditor 212, This operation
causes the cutpul voltage to the power supply to gradually increase and will
continue until the limitations of the control circuit are reached.

In ene embodiment of circuit 200 of the present invention, (R2) is
approximately equal in value to (RT). 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 clsar
from Figure 4 that if {R2) fs approximataly equal to (R1), a divergent exponentiat
funclion results.

Referring now to Figure 5, the voltage output waveform of the circuit of
Figure 2 is illustrated. Waveform 500 diverges because the current charging
capacilor 212 cortinually increases instead of decreases. As the voliage at non-
Inverting input 227 increases, the valtage at inverting input 220 alse increases.
Capacior 212 bagins charging almost immediately and continues te increase
until the voliage limits are reached. The negative and positive feedback 204, 206

of the present invention produce the divergent output wavefarm with the depicted

rate of change.

Figure 6 {llustrates 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 tha full operating power. In comparisen, at ihis 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 autput valtage, especially at start-up. reduses the damaging stress

6
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on the load and increases the aperating lifatime of the load.

Ancther advantage of the divergent waveform of the present invention is
further demonstrated by comparing waveforms 500 and 608. Typically,
exponential output waveforms (convergent and divergent} maintain & smooth
shape. Difterences belween the two exponential waveforms fie in the rate of

increase. The change in voltage with respect fo time, [%K], is the rate at which
t

the voliage changes over time. With reference o Figure 6, [%] is lllusirated

- ’

near the harizontal asymptote of waveform 600, At time equal to 6.5, [f{—f] has

covered approximately 3 units of fime (Le., 3.5 ta 6.5). Exemplary waveform 500

of the present invention has a much smaller (fig]of only ¥ unit of time {i.e., 6.0
i

to 6.5) near the vertical asymptote. Therefore, in the interval of interest,
waveform 500 exhibits a greater rate of voliage change. The output waveform of
the present invention avoids rapid initial increases in voitage change while
sieadily increasing the voltage to the power supply of the load. Gradually
increasing power, in accordance for example, with the exemplary power
wavaeform of Figure 5, results in an efficient application of power (i.e., the power
supply applies power as the circuit “warms up”).

Ancther advantage of the present inventicn, also ilustraied by Figures 5
and 8, is the precision timing achievable by the prasent 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
ocour somewhere within these 3 unlis of time. On the cther hand, waveform 500
covers a much smaller [%} egual to approximately ¥z unit of ime. The smaller
interval enables a higher level of accuracy in pinpeinting the time of the voltage
an waveform 500.

Yet another advantage of the present invention, is its programmability. By
increasing, decreasing or modifying the values of the slectrical components of

7
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control circuit 200 and/or changing the input signa! to the circult, the performance
of the circuit can be programmed. For paricular loads in specific environments,
the exponential naiure of the increase in voltage during startup may not be
desimble. Rather, such applications may require a lower rate of change or &
linear power curve,

To illustraie the flexibility of the present invention, Figure 7 shows the
resuiting output waveforms as resistors (R2) and (R1) are varied. As a reference,
waveform 400 is duplicated as waveform 700 to iflustrate 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 refative to inverting input 220
becomes relatively constant as capacior 212 charges. This in tumn supplies
capacitor 212 with a current that is substantially constant and causes capacitor
212 to charge linearly. As the ratio of (R2) to {R1) further increases, the rate of
change further increases as ilusirated by exemplary ouiput waveform 702.
Cutpul waveterm 704 and, more particularly, output waveform BOO of Figure 8
iustrate the near-perfect linearity of the output of circuit 200 as the ratio of (R2)
‘o {(R1) increases.

In anather embodiment of present invention, {R1) is replaced with one ar
more logic diodes.  Referring now to Figure 9, control cireuit 900 comprises two
tiodes 902 in negative feedback $04 and a RC lag 906 in positive feadback 908,
In this embodiment, diedes 902 are connaecied in parallel but in opposite
girection, thereby allowing bipolar operation. Thus, the output may travel in either
& positive or negative direction. The diode configuration causes the voltage
across resistor (R) to become constant which in turn supplies capacitor () with a
constant current. Capacitor (C) is now charging linearly instead of exponentially.
The: voltage dyop across diede 902 increases logarithivically with the increase in
current, and decreases linearly with an increase in temperature. The current and
temperature effects cause only sfight yet noticeable variations. Thus, the input
voltage and ambient temperaturs are dependani variables in system 900,

The cutput waveform (not shown) may be programmed to control the
slope of the ramp (e.g., a inear ramp which steadily increases) hy changing the
input signal andfor the values of {R) and (G) and more spedifically according to

JP 2004-501487 A 2004.1.15
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the formula (%?:é-) . where iis the current to capacitar {C). One skilled in the
art will readily recognize the capaciior formula and appreciate the inherent
programmability of the present invention.  For example, (R) {or any cf the
resistors in the circuits) can comprise s digital resistor ar digital polentiometer.
The potentiometer can be controlled by, for examgple, digital hardware (e.g., chip}
and/or software {&.g., cempuisr program).

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 comptises a RC lag 1010.
Logic dindes 1004 are placed in series with each zener diode 1002 for bipolar
operation. This configuration prevents the zener diodes fram behaving like logic
diodes in the reverse direction. Replacing (R1) with @ combination of zener
diodes 1002 and logic dicdes 1004 forces the voltage across resistor (R} to
remain constant,  The cuwment to capacitor {C) is also constant, thus causing
capacitor {C) to charge linearly. Unlike exemplary system 200, the zener diode
configuration 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 fo achieve temperature invariance by, for example, having a
temperature coefficient complimentary to logic diodes 1004.

Figurs 11 iustrates sfill another eambodiment of the present invention
comprising a voltage divider circuit. Resistar (R2) is replaced by resistors (R2A)
1102 and {R2B) 1104 in cirouit 1100. Resistors 1102 and 1104 are elecirically
connected ta 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 powsr supplies necessary to
pewer the other circuitry such as the amplifier.

The physical variables of the load can direcily influence the amount of
current the load can accept. For exampie, a lamp filament used in a display
system of an airplane cockpit may experience drastic temperatura changes
depending on where the plane is fiying. In warmer climates, the lamp filament
can withstand higher currents in less time and is usually brought to full operating

9
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current rapidly. However in colder climates, the cold tamp filament requires a
slower application of current and is more susceptible to darmage if current s
suddenly applied.

With reference to Figure 12, another embodiment of the present invention
includes a sensor device o monitor the temperature of the load.  Control system
1204 conirals the application of power from power sepply 1206 to load 1202. ltis
advantageous to determine the optimal rate to supply ful aperating current (e.g.,
when the load is properly "warmed-up*). Sensor 1200 is suitably coupled 1o load
1202 to receive periodic temperature teadings from the load. Temperature
information is transmitted from sensor 1200 to the voltage input of control 1204.
The voltage input is incroased relative to the increase in temperature of ‘oad
1202, Thus, as the load temperature increases indicating more power can be
safely supplied, the voltage inpit is adjusted accordingly. This exemplary
configuration permits the lowar rates of change needed te reduce load damage
in, for example, severely cold climates. Those skilled in the art will recognize that
similar physical vatiables which can e¢ffect the ameunt of power supplied fo a oad
may be monitored and are intended to be included in the scope of this invention
(e.q., humidity, light, pH, pressure, available power).

Further embodiments of the conirol circuit of the present invention can be
used for, but not limited to, testing particular types of loads. As menticned earlier,
the unique combiration of both positive and negative feedback generates a
divergent waveform. The divergent waveform of the present invention can be
replicated in a pulse paitemn. Referring now to Figure 13, a monopolar periodic
waveform generator 1300 is disclosed in accordance with the present invention.
In this embodiment, the circuit configuration of Figure 2 having both positive and
negative feedback is coupled to a threshold detector 1302, & pulse generater
1304 and a switch 1306. One skilled in the art will quickly recognize the funciions
of the circuit.

For some applications, it is desirable to generate both positive and
negative pulses, The embodiment of Figure 13 can be enhanced to produce a
bipolar periodic waveform.  In addition to the exemplary components of Figure
13, cireuit 1400 of Figure 14 comprises a flip-fiop 14402, a second vollage supply
{noted generally from Figure 14 as “Input (+} and Input (-)"), and at least wo

10
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additional switches 1404 and 1406. The additional swilches 1404 and 4406 sach
receive an input voltage signal of opposiie polarity from the other.

The present invention has been described above with reference to
praferred embodiments. However, those skilled in the arl having read this
disclosure will recognize that changes and modifications can be made 1o the
preferred embediments without departing from the scope of the present invention.
These and other changes or modifications are intended to be included within the
soope of the present invention, as expressed in the following claims.

JP 2004-501487 A 2004.1.15
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1. A programmatile control circuit comprising:

an amplifier having a voltage input and a voilage output,

a negative feedback electrically connecting said voltage input and
said voliage output; and

a positive feedback electrically connecting sald voltage inpul and
said voliage oulpul.

2. The circuit of claim 1 wherein said negative feedback comprises a resistor
(R1) and a resistor (R2) in €lectrical connaction.

3. The circuit of claim 2 wherein said resistor (R1) and said resistor (R2) are
substantizlly equal in value.

4. The circuit of claim 1 further comprising & sensor cauplad to a load, said
sensor monitoring a physical variable of the load.

5. The circuit of claim 2 wherein said positive feedback comprises a resistor

(R} and a gapacitor {C) in electrical connection.

B. The circuit of claim 5 wherein at least one of said resistors comprises a
digital potentiometer.

7. The circuit of claim 1 wherein said negative feedback comprisas at ieast
one logic diode.

8. The circuit of claim 7 wherein said negative foedback comprises at least
one zener dinge.

9. The circuit of claim 2 wherein said resistor (R2) comprises a voltage
divider.

10, The circuit of claim 1 further camprising:
a threshold detector, having at least one detector input and cne
deatector autput said detector input coupled to said
voltage autput;

JP 2004-501487 A 2004.1.15
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a pulse generater coupled to said detector output; and

a first switch coupled to said pulse generator o receive & pulse.

11, The circuit of claim 1C further comprising:
a flip-flop having first and second output leads and an input lead,
said  input lead coupled to said pulse generator, and
2 second switch coupled to said flip-llop first output lead to receive
a voltage at said voltage input; and
a third switch coupled to said flip-flop second output lead to receive

an opposite polarity voltage at said voliage input.

12, A method for gensrating a programmable power curve in a soft-start circuit
comprising the steps of:
providing an amplifier having an input ierminal and an output temninal;
cenfiguring said amplifier to generaie a divergent ocutput waveform;
applying a potential at said input terminal; and
coupling said cutput terminal to a power scurcs of a oad.

13, The method of claim 12 wherein said configuring step comprises:
connecting a positive feedback between said input end cutput
terminals; and
cannecting a negative feedback between said input and outpui

terminals.

14.  The method of ¢laim 12 wherein said applying step comprises varying the
magnitude of the potential.

15, The method of claim 12 further comprising the steps of:
coupling a sensing device to sald input terminal and the lcad,
wherein the foad having a current-sensitive characteristic;
receiving data at said sensing device carresponding to the current-

t3

JP 2004-501487 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

—
L=l e - BT T R S

T

27)

WO 0141522 PCTIUSOTI6392

sansitive characteristic; and
controlling the potential to said mput terminal in response o the
data.

18.  The method of claim 15 wherein said receiving data step comprises
temperature.

17.  The method of claim 13 wherein said connecting a positive feedback
comprises a resistor and a capacitor in electrical connection.

18.  The method of claim 13 wherein said connecting & negative feedback.

comprises a first resistor {R1) and a second resisior (R2) in electrical connection.

19.  The methad of claim 18 further comprising the step of modifying the
valuss of said first and second resistors in response to an increase in a voltage
rate of change of said divergent output waveform.

20. A programmable circuit for generating a periodic waveform comprising;

an amplifier having a valtage input, a voltage output, a negative feedback
and a positive feedback, wherein seid negative and positive
feedbacks are alectrically connected between said voltage
input and =aid votiage output; a threshold detector having at least one
detactor input terminal connected to said operational amplifier and
one detector output terminal;

a pulse generator connected to said detector autput terminal;

a switch coupled to receive a pulse from said pulse generator;

wherein the periodic waveform appears at said voliage output.

21. A programmable circuit for generating a pericdic waveform of claim 20
further comprising:
a flip-flop having first and second output leads and one input lead, said
input iead coupled between said pulse generator and said

14
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switch; and
a secend power input with apposite polarity to that of said first input,
wherein said first and second power inputs form a first and a
second switch at said first and second fip-flop output leads.

22, A soft-atart circuit for generating a programmable power curve comprising:

an amplifier having an input and an outgut;
gain means coupled befwesn said input and said output; and
time 1ag means coupled betwesn said input and said output.

23,  The soft-start circuit of claim 22 wherein said power curve is a divergent
waveform,

24,  The soft-siart cirouit of claim 22 wherein said power curve is a linear ramp.

25.  The soft-start circuit of claim 22 wherein said gain means comprises a
negative feedback,

26.  The soft-etart circuit of claim 22 wherein said gain means comprises a
negative feedback having two resistors in electrical communication.

27.  The soft-start circuit of claim 24 wherein said gain means comprises a
negative feedback having two substantially equal resistors in elecirical
sommunication.

28.  The soft-start circuit of claim 24 wherein said gain means comprises at
least one diode.

29, The softstart circuit of ciaim 22 wherein said time lag means comprises a
resistor and a capacitor in electrical communication.
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This Interpational Searching Autherity found multiple (groups of)
inventions in this internatiomal application, as follows:

1. Clalms: 1-3,5,6,9

A programmable control circuit comprising:

an amplifier having voltage input and output;
2 negative feedback connected to said input;
a positive feedback connected te said input;
the above circuit where the negative feedback
comprises two reststors,

2. Claims: 1,4

A programmable control circuit cemprising:

an amplifier having veltage input and ouvtput;
a negative feedback cannected to sald input;
a positive feedback connected to said 1nput;
the above circutt further comprising a sensor
calpled io z Toad, said sensor monitoring a
physical yariable of said load.

3. Claims: 1,7,8

A programmable contral cireuit comprising: an amplifier
having voltage input and output; a negative feedback
connected to said input; a positive feedback connected to
satd fnput;
the abeve circuit wherein said negative feedhack comprises
at ieast one logic diode

4. Claims: 1,10,11,70,21

A programmable control cireuft comprising: an amplifier
having veltage input and output; a negative feedback
connected to said fnput; a pesitive feedback connected to
said input;

the above circuit further comprising: a threshold detector,
having its input coupled to said voltage ouwtput; a pulse
generator coupied to said detector’s output; and a first
switch coupled to said pulse generator.

5. Claims: 12-19,22-29
& method or apparatus for gemerating a progranmable power

curve in a soft-start civcuit comprising the steps of
providing an amplifier having input and output terminals
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