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BIPOLAR POWER SUPPLY SYSTEM

A need therefore exists for a for a low power, high voltage
power supply that is programmable for a wide range of output
current, has the capability of either positive or negative cur
rent polarity output, does not use mechanical means for

TECHNICAL FIELD

switching polarity, and can be commanded to systematically,
e?iciently, and effectively change polarity within a few mil

This invention relates generally to power supplies, and
more particularly to a bipolar power supply system that is
structured to change its output polarity at a high slew rate
without the aid of a mechanical switching device.

liseconds without undesired effects that can damage circuit

components. Among others, devices that employ a lamp or
tube as a heating source will greatly bene?t from this type of
power supply, as the warm-up time of the lamp or tube will

BACKGROUND ART

essentially be eliminated.
Switching power supplies are used in many electronic sys

DISCLOSURE OF INVENTION

tems of varying applications, including telecommunications,
networking, test and measurement, and imaging. These

It is a primary advantage of this invention to provide a

power supplies can convert unregulated input into direct cur

remotely controlled power supply system that can change its

rent (DC) power at predetermined voltage and power levels
and provide a load with either a positive or negative voltage.

output polarity at a high slew rate without the aid of mechani

cal switching devices.

Switching power supplies typically provide power through
low loss components such as capacitors, inductors, and trans
formers, and by the use of transistors operating in either the
cutoff state, where there is a high voltage across the pass unit

Another advantage of this invention is that it provides a low
20

Yet another advantage of this invention is that it provides a

but no current ?ow, or the saturation state, where there is a

low power, high voltage power supply system that has the
capability of either positive or negative current polarity out
put.

high current through the pass unit but at a very small voltage
drop. The transistors essentially create an alternating current

(AC) voltage from an input DC voltage. This AC voltage can
then be stepped-up or down by transformers and then ?ltered
back to DC voltage at the output.

A further advantage of this invention is that it involves a

bipolar power supply system that eliminates unstable oscil
latory modes that produce unsatisfactory output and ef?cien

Early high voltage switching power supplies required the
user to manually switch output polarity. To do so, the user had

to recon?gure the high voltage circuits by physically discon
necting and connecting key electrical nodes. This practice

30

giZed high voltage circuits. Another disadvantage to using

It is yet another advantage of this invention to provide a
35

mechanical means to change polarity instead of the manual
switching procedure. As an example, new circuitry included

power supply system includes a control circuit and two indi
40

age relays, and transformers. Relay control logic was used to
control the switching of the relays to produce either a negative

vidual high voltage DC-DC converter power supply sections.
The two individual high voltage DC-DC converter power
supply sections are each self-oscillating single transistor cir
cuits. Each power supply section includes a step-up trans

or positive polarity. While these more advanced power sup

plies eliminated the danger of manual switching, the cost of
the power supplies increased due to expensive relays. Addi

bipolar power supply system with the capability of suppress
ing the output of the power supply at any time.
In one embodiment of the invention, a bipolar high voltage
power supply system delivers a controlled output current. The

Improved high voltage switching power supplies utiliZed
control circuits, driver circuits, low voltage relays, high volt

cies, which can result in destruction of circuit components.
It is still another advantage of this invention is that provides
a bipolar power supply system that does not generate an

unde?ned output current during normal system initialization
delays, preventing damage to the attached device.

was unsafe in that it required the user to be exposed to ener

these power supplies was the signi?cant time required for the
user to manually change the output polarity.

power, high voltage bipolar power supply system that is pro
grammable for output current.

former containing a primary winding, secondary winding,
45

and feedback winding. Oscillator transistor collectors serve

tionally, even with mechanical switching means, the rate of
output polarity change still did not occur at a very high rate.

to drive the primary windings of each step-up transformer.

To illustrate, a circuit using high voltage relays generally

with regards to the primary winding, setting up the self
oscillating characteristic of the circuit.
A resistor-capacitor (RC) network in the base biasing cir

requires tens to hundreds of milliseconds to switch. Thus, it
would take a signi?cant amount of time to warm-up devices
that rely upon rapid output polarity change to heat a tube or a
lamp used as a heating apparatus. There is also a limited
voltage output range available as a result of the constraint in

The feedback winding is connected in an anti-phase manner

50

switching speed. For this reason, switching power supplies
are commonly used for ?xed output or limited adjustment
range output designs. It is important for a power supply to be
programmable for a wide range of output currents to satisfy

55

transistor via a resistor, diode, and capacitor network. By

the complex and varying needs of today’s highly-sophisti
cated technological devices. A power supply using mechani
cal switching means does not meet this need.

cuit of each self-oscillating circuit is tuned to provide attenu
ation at the second harmonic of the natural oscillating fre
quency of the circuit. This tuning serves to reduce and/or
eliminate the tendency for the self-oscillating circuit to start
oscillation at the wrong harmonic of the natural frequency. A
DC bias current is applied to the base of each oscillator

60

nature of the control circuitry, only one of the two power
supply sections is in an active state at a time, so the output
current is either positive or negative, depending on the pro

An additional shortcoming of using mechanical switching

gramming voltage input to the operational ampli?ers

means is in the production of bouncing and other undesired
effects. A circuit that contains undesired effects is inef?cient

employed as frequency-compensated error ampli?ers for
each power supply section.
The control circuit contains an operational ampli?er to

and can wear out its components after many cycles. This
occurrence not only can lead to increased power supply costs
for the consumer, but can also lead to the damage of any
devices that are connected to the power supply.

65

convert the power supply system’ s output current into a feed
back voltage that can be applied to the error ampli?ers in each

power supply section. The active power supply section’s high

US 7,710,745 B2
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voltage output returns to the power supply via ground. This

For a fuller understanding of the nature and objects of the

return current ?oWs at the output of the control circuit’s

invention, reference should be given to the folloWing detailed
description taken in conjunction With the accompanying

operational ampli?er thru its feedback resistor and by the
nature of the operational ampli?er, generates a voltage drop

draWings, Which are incorporated in and form a part of this

speci?cation and illustrate embodiments of the invention, and
together With the description, serve to explain the principles

across the feedback resistor that is equal to the reference

voltage on the non-inverting input of 1.6V and is applied from

the operational ampli?er output to its inverting input. The
control circuit’s operational ampli?er’s output voltage Will

of the invention.
BEST MODE FOR CARRYING OUT THE
INVENTION

change appropriately from Zero V to 3.2V to maintain this

voltage drop across the feedback resistor. This output voltage
is then used as the reference input voltage to the error ampli
?ers of the tWo individual high voltage DC-DC converter
poWer supply sections in the folloWing manner:

A detailed description of an embodiment of the invention is

provided herein. It is to be understood, hoWever, that the
present invention may be embodied in various forms. There

a. If the poWer supply system’s programming voltage is
equal to the control circuit’s operational ampli?er’s reference
voltage of 1.6V, both poWer supply sections are inactive and

fore, the speci?c details disclosed herein are not to be inter
preted as limiting, but rather as a representative basis for
teaching one skilled in the art hoW to employ the present
invention in virtually any detailed system, structure, or man

the poWer supply system output current is Zero.

b. If the poWer supply system’s programming voltage is

ner.

above 1.6V up to a maximum of 3.2V, the positive polarity

high voltage poWer supply is commanded to active state by its

20

tem. This ?gure illustrates an input into the control circuit 10,

system is positive polarity.
c. If the poWer supply system’s programming voltage is
below 1 .6V doWn to Zero V, the negative polarity high voltage
poWer supply is commanded to active state by its error ampli
?er, and the output current from the poWer supply system is

the output of Which ?oWs into either the negative polarity high
voltage poWer supply 12 or the positive polarity high voltage
25

d. The greater the difference of the poWer supply system’ s

programming voltage input is from the reference voltage of
30

three schematics for the bipolar controlled output poWer sup

The present invention also concerns an improvement to a
35

the inclusion of a netWork that is electrically connected to a
transformer and to an active element in the poWer supply,
Wherein the netWork ?lters out the harmonics of the second

and higher order.
The present invention is further concerned With a printer,

40

particularly a laser color printer, comprising the above

FIG. 4, for the negative polarity high voltage poWer supply
45

is applied to the appropriate inputs of error ampli?ers 18 and
20. The active poWer supply section’s high voltage output
returns to the poWer supply via “ground”, the Vee pin 92 of
operational ampli?er 22. This return current ?oWs at the

be embodied in various forms. It is to be understood that in
some instances various aspects of the invention may be shoWn
exaggerated or enlarged to facilitate an understanding of the
invention.

employed Within an example self-oscillating poWer supply.

12, and error ampli?er 20, shoWn in FIG. 5, for the positive

polarity high voltage poWer supply 14. This feedback voltage

The draWings constitute a part of this speci?cation and
include exemplary embodiments of the invention, Which may

system of FIG. 2.
FIG. 6 depicts a schematic Wherein a base-biasing circuit is

Referring noW to FIG. 3, there is depicted a schematic for
the control circuit 10. A 24V DC poWer input provides poWer
to all sections of the system. Operational ampli?er 16 serves

voltage that can be applied to error ampli?er 18, shoWn in

BRIEF DESCRIPTION OF DRAWINGS

bipolar poWer supply system of FIG. 1.
FIG. 3 depicts a schematic diagram for the control circuitry
block of the bipolar poWer supply system of FIG. 2.
FIG. 4 depicts a schematic diagram for the negative polar
ity high voltage poWer supply block of the bipolar poWer
supply system of FIG. 2.
FIG. 5 depicts a schematic diagram for the positive polarity
high voltage poWer supply block of the bipolar poWer supply

ply system. These ?gures illustrate circuitry orientation for
the control circuit 10 in FIG. 2A, the negative polarity high
voltage poWer supply 12 in FIG. 2B, and the positive polarity
high voltage poWer supply 14 in FIG. 2C.

to convert the poWer supply’s output current into a feedback

described bipolar poWer supply.

FIG. 1 depicts a generaliZed block diagram of a bipolar
poWer supply system according to one embodiment of the
invention.
FIGS. 2A, 2B and 2C depict schematic diagrams for the

negative polarity high voltage poWer supply 12 or the positive
polarity high voltage poWer supply 14 is transferred to the end
device. The positive polarity high voltage poWer supply 12
contains a feedback loop that is directed back to the control
circuit 10.
Referring noW to FIGS. 2A, 2B and 2C there is depicted

the output current, either negative or positive respectively.
The amplitude of the poWer supply system’s output current is
indirectly proportional to the value of the feedback resistor.

self-oscillating poWer supply, the improvement comprising

poWer supply 14. The negative polarity high voltage poWer
supply 12 and the positive polarity high voltage poWer supply
14 are connected in series. A ?nal output from either the

negative polarity.
1.6V, either toWards 0V or 3.2V, the greater the amplitude of

Referring noW to FIG. 1, there is shoWn a generaliZed block

diagram of the bipolar controlled output poWer supply sys

error ampli?er, and the output current from the poWer supply

output of operational ampli?er 16 through feedback resistor
24 and feedback resistor 26, in series combination for this

implementation.
By the nature of operational ampli?er 16, a voltage drop is
55

generated across feedback resistor 24 and feedback resistor

60

26, Which is applied from the output 94 of operational ampli
?er 16 to the inverting input 96 of operational ampli?er 16.
The voltage drop is determined according to the reference
voltage on the non-inverting input of operational ampli?er 16
of 1.6V. The output voltage of operational ampli?er 16 Will

65

voltage drop across resistors 24 and 26. This output voltage of
operational ampli?er 16 is then used as the reference input
voltage to error ampli?er 18 for the negative polarity high
voltage poWer supply 12 and error ampli?er 20 for the posi

change appropriately from Zero V to 3.2V to maintain this

tive polarity high voltage poWer supply 14 in the folloWing
manner:

US 7,710,745 B2
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a. If the power supply system’s programming voltage is
equal to operational ampli?er 16 reference voltage of 1.6V,

create a voltage input to its non-inverting input (output cur

rent control feedback signal generated by operational ampli

both the negative polarity high voltage poWer supply 12 and
the positive polarity high voltage poWer supply 14 are inactive

?er 16), thus creating system balance and output current
regulation When this high voltage poWer supply is active.
A base biasing circuit comprised of resistor 50 and capaci

and the poWer supply system output current is Zero.

b. If the poWer supply system’s programming voltage is
above 1.6V up to a maximum of 3.2V, the positive polarity

high voltage poWer supply 14 is commanded to active state by
error ampli?er 20 and the output current of the poWer supply

system is positive polarity.
c. If the poWer supply system’s programming voltage is
below 1 .6V doWn to Zero V, the negative polarity high voltage
poWer supply 12 is commanded to active state by error ampli
?er 18 and the output current of the poWer supply system is

negative polarity.
d. The greater the difference the poWer supply system’s

programming voltage input is from the reference voltage of
1.6V, either toWards Zero V or 3.2V, the greater the amplitude

of the output current, either negative or positive. The ampli
tude of the poWer supply system’ s output current is indirectly

20

proportional to the value of resistors 24 and 26.

Thus, the poWer supply system’s output current polarity is

such as an inductor or a resistor, and may be used in any

changed by varying the programming voltage above and
beloW the internal reference voltage of 1.6V. The speed at
Which this is accomplished is only dependent upon the inter
nal delays of the control circuit 10 and the negative polarity

self-oscillating circuit that comprises a transformer electri
cally connected to an active element, such as a transistor. One
25

age poWer supply 14, Which are kept at a ready state. These
delays have been characterized on the order of a feW milli
30

tuating the natural frequency of the poWer supply and causing

This is especially relevant in high voltage (more than 60V),
low power applications that supply output currents to elec
35

trostatic devices, including electrostatic air cleaners, electro
static sprayers, photo multipliers, and de?ection circuits.
High voltage current output is taken from the multiplier
circuit 48 of the negative polarity high voltage poWer supply

40

iting resistor.

ampli?er 22, such that the outputs of the negative polarity
high voltage poWer supply 12 or the positive polarity high
voltage poWer supply 14 are suppressed no matter What the

input control programming signals command. This suppres
sion is timed to last for approximately ?fty milliseconds,

12, via resistor 54, Which serves as a protective current lim

A resistor 56 is connected across the multiplier circuit 48 to

giving the system time to initialiZe and produce a knoWn and

convert the voltage-source output of negative polarity high

expected programming signal. This circuitry involves timing
circuits comprised of resistor 28, resistor 30, and capacitor
32, operational ampli?er 22, and transistor 34 and oscillator
transistor 98, shoWn in FIG. 4, disabling the tWo poWer supply

45

50

effect as the above initial output suppression. This input
occurs via blocking diode 38 to transistor 34 and oscillator
transistor 98.
Referring noW to FIG. 4, there is shoWn a schematic for the
55

quency-compensated error ampli?er driving series pass tran
60

feedback Winding 46 is connected in an anti-phase manner

sistor 66.
Referring noW to FIG. 5, there is shoWn a schematic for the

positive polarity high voltage poWer supply 14. As illustrated,

With regards to the primary Winding 42, thus setting up the
self-oscillating characteristic of the circuit.
Operational ampli?er 18 is the error ampli?er controlling

operational ampli?er 18, Which then adjusts its output to

Output voltage regulation of negative polarity high voltage
poWer supply 12 is implemented via a control element of a
series pass transistor 66 in the emitter return of oscillator
transistor 36. Operational ampli?er 18 is employed as a fre

Winding 42. Secondary Winding 44 drives the respective mul

negative polarity high voltage poWer supply 12. PoWer supply
programming voltage is applied to the inverting input of

A DC bias current is applied to the base of oscillator tran
sistor 36 via a netWork comprising resistor 60, diode 62, and
capacitor 64. Resistor 60 sets the current level and diode 62
limits the voltage to that appropriate for the base of oscillator
transistor 36. Capacitor 64 serves as anAC return path for the
oscillation feedback from the step-up transformer 40.

trated, a step-up transformer 40 consists of a primary Winding
42, a secondary Winding 44, and a feedback Winding 46. The
collector of oscillator transistor 36 serves to drive the primary

tiplier circuit 48 to obtain the correct output voltages. The

of the positive polarity high voltage poWer supply 14 to pro

ampli?er 16.

output of the poWer supply at any time. To achieve this result,

negative polarity high voltage poWer supply 12. As illus

voltage poWer supply 12 into a current-source output. Resis
tor 56 is connected in series With resistor 58, shoWn in FIG. 5,
vide current feedback to the control circuit 10 at operational

sections 12 and 14.
Another need Was for the system to be able to suppress the
an enable signal input Was fashioned to produce the same

106 is employed in a Royer-type circuit 108.
The main bene?t provided by this type of netWork is to
?lter outitherefore, to attenuate or substantially eliminatei
the harmonics of the second order and higher, thereby accen
the oscillation to set in and operate at that natural frequency.

active state at a time, so the poWer supply system’s output
current is either positive or negative depending on the pro

gramming voltage input to error ampli?ers 18 and 20.
PoWer-on delay circuitry Was devised using operational

example of this type of netWork is shoWn in FIG. 6, Wherein
a netWork 102 comprising a capacitor 104 and an inductor

high voltage poWer supply 12 and positive polarity high volt
seconds (less than ten). By the nature of the control circuit 10,
either the negative polarity high voltage poWer supply 12 or
the positive polarity high voltage poWer supply 14 is in an

tor 52 is tuned to provide a ?ltering effect by attenuating the
harmonics of the second order and higher of the natural of the
self-oscillating circuit. This tuning serves to reduce and/or
eliminate the tendency for this type of circuit to start oscilla
tion at the Wrong harmonic of the natural frequency, and to
keep the oscillator on the correct mode, because unstable
oscillatory modes cause unsatisfactory output and ef?cien
cies, and can result in the destruction of circuit components.
Further, such a base biasing circuit provides an additional
phase shift to the AC feedback signal as applied to the base of
oscillating transistor 36.
It should be noted that the application of the above-de
scribed base biasing circuit can extend beyond the speci?c
embodiment described herein, and can be employed in other
types of self-oscillating poWer supplies. In general, a netWork
of this type comprises a capacitor and an impedance element,

a step-up transformer 68 consists of a primary Winding 70, a

secondary Winding 72, and a feedback Winding 74. The col
65

lector of oscillator transistor 76 serves to drive primary Wind

ing 70. The secondary Winding 72 drives multiplier circuit 78
to obtain the correct output voltage. Feedback Winding 74 is

US 7,710,745 B2
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connected in an anti-phase manner With regards to primary

INDUSTRIAL APPLICABILITY

Winding 70, thus setting up the self-oscillating characteristic
The above described bipolar poWer supply system is par
ticularly suitable for use in printers, particularly laser color

of the circuit.

Operational ampli?er 20 is the error ampli?er controlling

positive polarity high voltage poWer supply 14. PoWer supply
programming voltage is applied to the non-inverting input of

printers, regardless of Whether the printer transfers the image
to a sheet of paper or other support by means of a drum or a by
means of a belt. HoWever, this invention can also be utiliZed in

operational ampli?er 20, Which then adjusts its output to
create a voltage input to its inverting input (output current

a variety of other applications, for instance, to energiZe elec

control feedback signal generated by operational ampli?er
16), thus creating system balance and output current regula

tron-beam de?ection circuits or mass spectroscopy instru
ments, and in other devices and systems as one skilled in the

tion When this poWer supply section is active.
A base biasing circuit comprised of resistor 80 and capaci
tor 82 is tuned to provide attenuation at the second harmonic

art Would recogniZe, for example, electrostatic devices,
including electrostatic air cleaners, electrostatic sprayers,
photo multipliers, and de?ection circuits.

of the natural oscillating frequency of the self-oscillating

What is claimed is:

circuit. This tuning serves to reduce and/ or eliminate the

1. A bipolar poWer supply system comprising:

tendency for this type of circuit to start oscillation at the
Wrong harmonic of the natural frequency. These other

a control circuit;

a negative poWer supply structured to provide an output

unstable oscillatory modes produce unsatisfactory output and
e?iciencies, and can result in destruction of the circuit com

ponents.

20

A DC bias current is applied to the base of oscillator tran
sistor 76 via a netWork of resistor 84, diode 86, and capacitor
88. Resistor 84 sets the current level and diode 86 limits the
voltage to that appropriate for the base. Capacitor 88 serves as
an AC return path for the oscillation feedback from step-up
transformer 68.
Resistor 58 is connected across multiplier circuit 78 to
convert the voltage-source output of the poWer supply into a
current-source output. Resistor 58 is connected in series With

25

resistor 56 of the negative polarity high voltage poWer supply

30

Wherein said negative and positive poWer supplies are con

an active state at a time and that causes said bipolar

35

poWer supply system to provide an output current of

only one of said negative and said positive polarity, and
Wherein said transition betWeen said negative and positive
poWer supplies is caused by a programming voltage
input provided by said control circuit to each of said

negative and positive poWer supplies;
Wherein said programming voltage input provided by said
control circuit is created by an operational ampli?er
situated in said control circuit, said operational ampli?er

quency-compensated error ampli?er driving series pass tran
sistor 90.

receiving a current feedback from said negative and
40

positive poWer supplies;
Wherein said programming voltage is provided to an error

supply 14 circuits have been produced With an inductor sub
stituted for resistors 50 and 80. This substitution produces
higher ef?ciency and better control of oscillator mode stabil
ity, but does so at a higher component cost. Additionally, a
sensing circuit or sensor component can be included in the

nected in series,
Wherein said control circuit provides a transition betWeen

said negative and positive poWer supplies that maintains
only one of said negative and positive poWer supplies in

operational ampli?er 16.
Output voltage regulation of positive polarity high voltage

Other implementations of the negative polarity high volt
age poWer supply 12 and positive polarity high voltage poWer

a positive poWer supply structured to provide an output

current of positive polarity and electrically connected to
said control circuit,

12 to provide current feedback to the control circuit 10 at

poWer supply 14 is implemented via a control element of a
series pass transistor 90 in the emitter return of oscillator
transistor 76. Operational ampli?er 20 is employed as a fre

current of negative polarity and electrically connected to
said control circuit; and

operational ampli?er situated in each of said negative
and positive poWer supplies,
Wherein there is no output current from said bipolar poWer
45

supply system When said programming voltage is a ref

supply 14 to the control circuit 10. This addition can provide

erence voltage,
Wherein said positive poWer supply is in an active state

further ef?ciency to the operation of the poWer supply system.

When said programming voltage is higher than said ref

feedback loop from the positive polarity high voltage poWer

erence voltage, and

The sWitching devices utiliZed in this invention may com

prise any number of semiconductor sWitching devices suit
able for sWitching the anticipated currents at the above
described rate. Examples of such semiconductor sWitching
devices include, but are not limited to, bi-polar transistors,
insulated gate bi-polar transistors (IGBTs), ?eld-effect tran
sistors (FETs), metal-oxide semiconductor ?eld-effect tran
sistors (MOSFETs), etc., that are readily commercially avail
able and Well-knoWn to persons having ordinary skill in the
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Wherein said negative poWer supply is in active state When
said programming voltage is beloW said reference volt
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further Wherein said programming voltage is applied to the
inverting input of said error operational ampli?er, and
Wherein said error operational ampli?er adjusts its out
put to develop an error voltage input to the non-inverting
input of said error operational ampli?er, thereby creat

age; and

art.

Although these techniques and structures have been dis
closed in the context of a certain embodiment and example, it
Will be understood by those skilled in the art that these tech
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ing a system balance and a regulation of said output
current for that one of said negative and positive poWer
supplies that is in an active state;
Wherein said control circuit provides a transition betWeen

niques and structures may be extended beyond the speci?

said negative and positive poWer supplies at a speed of

cally disclosed embodiment to other embodiments and/or
uses and obvious modi?cations and equivalents thereof.
Thus, it is intended that the scope of the structures and meth
ods disclosed herein should not be limited by the particular
disclosed embodiment described above.

less than ten milliseconds.

2. The bipolar poWer supply system according to claim 1,
65

Wherein said bipolar poWer supply system has an input cur
rent that is a direct current (DC), and Wherein each of said

negative and positive poWer supplies is a DC-DC converter.

US 7,710,745 B2
10
3. The bipolar power supply system according to claim 2,

11. The bipolar poWer supply system according to claim

wherein said DC converter is a self-oscillating circuit com

10, Wherein said control element comprises a series pass
transistor connected to said emitter of said oscillator transis
tor and an operational ampli?er serving as a frequency-com

prising a single oscillator transistor.
4. The bipolar poWer supply system according to claim 3,
Wherein each of said negative and positive poWer supplies
provides an output voltage, Wherein a protective current lim
iting resistor converts said output voltage to said output cur

pensated error ampli?er driving said series pass transistor.
12. The bipolar poWer supply system according to claim 1,
Wherein said reference voltage is 1.6V, Wherein said positive

rent.

5. The bipolar poWer supply system according to claim 4,
Wherein each of said negative and positive poWer supplies

poWer supply is in an active state When said programming
voltage is comprised betWeen more than 1.6V and 3.2V, and
Wherein said negative poWer supply in an active state When

comprises a step-up transformer and an oscillator transistor,
said step-up transformer comprising a primary Winding and a

Zero V and less than 1.6V.

said programming voltage is comprised betWeen more than

secondary Winding, said oscillator transistor comprising a
base, an emitter, and a collector, Wherein said collector is
connected to said primary Winding and drives current into
said primary Winding from an external source, and Wherein

said secondary Winding is connected to a voltage multiplier
circuit providing said output voltage at a desired level.

6. The bipolar poWer supply system according to claim 5,
Wherein said step-up transformer further comprises a feed
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back Winding that provides alternating voltage and current to

13. The bipolar poWer supply system according to claim 1,
Wherein the amplitude of said output current from said bipo
lar poWer supply system is directly proportional to the abso
lute value of the difference betWeen said programming volt
age and said reference voltage.
14. The bipolar poWer supply system according to claim 1,
further comprising a poWer-on delay circuit suppressing the
outputs of said negative and positive poWer supplies for a
limited time period regardless of the value of said program

said base of said oscillator transistor, and Wherein said feed
back Winding is connected in an anti-phase manner With

ming voltage, thereby providing said bipolar poWer supply

respect to said primary Winding, thereby providing said self
oscillating circuit With self-oscillating properties.
7. The bipolar poWer supply system according to claim 6,

programming signal of a predetermined nature.
15. The bipolar poWer supply system according to claim
14, Wherein said limited time is approximately ?fty millisec

system With suf?cient time to initialiZe and to produce a
25

further comprising a ?ltering netWork that reduces harmonics

onds.

of the second and higher orders, said ?ltering netWork being
interposed betWeen said feedback Winding and said base of
said oscillator transistor and comprising an impedance ele
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circuit having a resistor and a capacitor, and Wherein said

ment, thereby causing said self-oscillating circuit to start-up
and operate at its fundamental frequency.
8. The bipolar poWer supply system according to claim 7,

poWer-on delay circuit further comprises a ?rst transistor
disabling said negative poWer supply and a second transistor

disabling the positive poWer supply.

Wherein said ?ltering circuit comprises a resistor and a

capacitor.
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17. The bipolar poWer supply system according to claim 1,
further comprising an enable signal input capable of activat
ing said poWer-on delay circuit at any time during operation
of said bipolar poWer supply system, thereby enabling the
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tion of said bipolar poWer supply system.

9. The bipolar poWer supply system according to claim 8,
Wherein said ?ltering circuit comprises an inductor and a

capacitor.

suppression of said output current at any time during opera

10. The bipolar poWer supply system according to claim 5,
further comprising a control element for regulating said out

16. The bipolar poWer supply system according to claim
14, Wherein said poWer-on delay circuit comprises a timing

put voltage of each of said negative and positive poWer sup

plies.
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