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(57) ABSTRACT 

A user-programmable bi-directional, constant current gen 
erator circuit allows external programming of either a posi 
tive (+) or a negative (-) polarity output current, for injection 
into one of two locations of the PWM controller circuit of a 
DC-DC voltage converter. The parameters of the DC-DC 
converters offset Voltage will depend upon the connection 
of a single programming pin to one of two programming 
resistors. The programming resistors are respectively refer 
enced to different supply rail voltages (VCC and VSS). The 
polarity of the offset additionally depends upon where, 
within the PWM-controlled DC-DC converter, the pro 
grammed constant current is injected. 
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METHOD OF SETTING B-DIRECTIONAL 
OFFSET IN A PWM CONTROLLERUSINGA 

SINGLE PROGRAMMING PIN 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates in general to electronic cir 
cuits and components therefor, and is particularly directed to 
a new and improved constant current generator circuit-based 
arrangement for providing a programmable bi-directional 
voltage offset for a pulse width modulation controller 
(PWM) of a PWM-based DC-DC converter. 

BACKGROUND OF THE INVENTION 

FIG. 1 diagrammatically illustrates the configuration of a 
conventional pulse width modulation (PWM) controlled 
DC-DC power converter. As shown therein a voltage termi 
nal 10 is coupled to receive a reference voltage V1, such as 
that supplied by a digital-to-analog converter (DAC). This 
reference voltage is coupled to a reference terminal pin REF 
through a filter 11, such as that comprised of a resistor R4 
and capacitor C3. The voltage terminal REF, in turn, is 
coupled to the non-inverting (+) input 21 of an operational 
amplifier (OP AMP) 20. The output 23 of the OP AMP is 
coupled to a PWM generator circuit 30, the output 33 of 
which is coupled through an inductor (L1) 40 to an output 
node 50. 

The PWM generator circuit's output 33 is fed back as an 
output VOUT to the inverting (-) input 22 of amplifier 20 
through a filter 60 containing a series resistor R2 coupled to 
a feedback path FB to the output 23 of the amplifier 20, and 
through a series connection of a capacitor Cl and a resistor 
R1 to a node COMP that receives an amplified and filtered 
error signal from the amplifier 20. The PWM generator cir 
cuit 30 drives a load (represented by a resistor R3) coupled 
to the output node 50. The COMP terminal controls the 
PWM generator in a direction to minimize the difference 
between the voltage REF and the voltage VOUT. 
PWM-based DC power supply integrated circuits are 

often required to have a user adjustable offset. Specifically, 
in Some applications it may be desirable to have the output 
voltage generated at the output node VOUT different from 
the input reference Voltage V1 by a prescribed (e.g., user 
programmable) offset value. Depending upon the 
application, it may be necessary that this offset Voltage be 
bi-directional, and must be repeatable and stable. Generating 
this offset should require a minimum number of external 
components, should not be dependent on other factors such 
as power Supply Voltage and, for economy of packaging, 
should require the least number of integrated circuit pins. In 
addition, to alleviate the design of Supporting components, 
the offset should not require a stable current reference, but 
only a stable Voltage reference (such as a bandgap Voltage 
reference). 

SUMMARY OF THE INVENTION 

In accordance with the present invention, these objectives 
are successively achieved by a constant current generator 
circuit that is configured to allow external programming of 
either a positive (+) or a negative (-) polarity output current, 
that is readily injected into one of two locations of the PWM 
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2 
controller circuit of a DC-DC voltage converter. As will be 
described, the parameters of the DC-DC converter's offset 
Voltage will depend upon the connection of a single pro 
gramming pin to one of two programming resistors. The 
programming resistors are respectively referenced to differ 
ent supply rail voltages (VCC and VSS), on the one hand, 
and will also depend upon where, within the PWM 
controlled DC-DC converter, the programmed constant cur 
rent is injected. 
The user-programmable, bi-directional constant current 

generator contains first and second operational amplifiers 
that drive associated complementary Switching devices 
(such as PMOSFET and NMOSFET switches). The input of 
one of the amplifiers is coupled to a first DC voltage refer 
enced to a first DC power supply rail (e.g., VCC). The input 
of the other amplifier is coupled to a second DC voltage 
referenced to another supply rail (e.g., VSS or ground). The 
current flow paths through the two Switching devices are 
coupled in series between an offset input terminal to which a 
programming input pin is coupled and an offset current out 
put terminal. 
The first programming resistor is coupled between the 

VCC Supply rail and a first programming pin; the second 
programming resistor is coupled between the VSS Supply 
rail and a second programming pin. By selectively connect 
ing the programming input pinto one of the first and second 
programming pins (and thereby to their associated resistors), 
the bi-directional constant current generator is user 
programmed to Supply one of a positive polarity and nega 
tive polarity offset current to the offset current output termi 
nal. 

In a first, sourcing current programming mode, the first 
programming pin is coupled to the programming input pin, 
while the second programming pin is open. As a result, that 
one of the amplifiers which is coupled to the first program 
ming resistor, will cause its associated Switching device to 
conduct. With its associate Switching device conducting, that 
amplifier attempts to drive the Voltage at its input port to 
match that amplifiers reference Voltage. At the same time, 
the other amplifier maintains its associated Switching device 
in the off state. With the one amplifiers’ switching device 
turned on, a sourcing current will flow from the Supply rail 
through the first programming resistor, the single program 
ming terminal and the current path of the turned-on Switch to 
the current sources output terminal. The magnitude of this 
current is effectively equal to the reference voltage divided 
by its associated series resistor. 

In a second, sinking current programming mode, the 
second programming pin is coupled to the programming 
input pin, while the first programming pin is open. As a 
result, the second amplifier will cause its associated Switch 
ing device to conduct, while the one amplifier maintains its 
switching device in the off state. The second amplifier 
attempts to make Voltage at the input port match that ampli 
fier's reference voltage. With the second amplifiers switch 
ing device turned on, a sinking current will flow from a 
Supply rail through the second programming resistor, the 
single programming terminal and the current flow path of the 
second amplifiers associated turned-on Switch to the output 
terminal. The magnitude of the sinking current is effectively 
equal to the reference Voltage divider by its associated series 
resistor. 

A selected one of these sourcing and sinking currents 
as generated by the user-programmable, bi-directional con 
stant current generator of the invention is connectable to 
either of two locations in the PWM controller of the PWM 
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switching DC power supply to provide a constant offset volt 
age. The reference Voltages employed within the constant 
current source may be based upon a bandgap Voltage 
(referenced to VSS or ground (GND)). In a non-limiting, but 
preferred embodiment, the first reference voltage 
(referenced to VCC) may be derived from the second voltage 
(referenced to VSS) 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 diagrammatically illustrates the configuration of a 
conventional pulse width modulated (PWM) switching DC 
power Supply: 

FIG. 2 diagrammatically shows an embodiment of a 
single pin-programmable, bi-directional offset generator cir 
cuit in accordance with the invention; 

FIG. 3 illustrates a first implementation of interconnecting 
the single pin-programmable, bi-directional offset generator 
circuit of FIG. 2 with the PWM switching DC power supply 
of FIG. 1; and 

FIG. 4 a second implementation of interconnecting the 
single pin-programmable, bi-directional offset generator cir 
cuit of FIG. 2 with the PWM switching DC power supply of 
FIG. 1: 

FIG. 5 shows a Table associating the polarity of the offset 
Voltage for the choice of programmable parameters of the 
single pin-programmable, bi-directional offset generator cir 
cuit of FIG. 2 and its interconnections to the PWM switching 
DC power supply of FIGS. 3 and 4; and 

FIG. 6 diagrammatically illustrates non-limiting embodi 
ment of a circuit for deriving the respective reference volt 
ages V2 and V3 used in the single pin-programmable, 
bi-directional offset generator circuit of FIG. 2. 

DETAILED DESCRIPTION 

Before describing the programmable bi-directional volt 
age offset generator circuit in accordance with the invention, 
it should be observed that the invention resides primarily in 
an arrangement of conventional DC power Supply circuits 
and control components therefor, and the manner in which 
they are integrated together. It is to be understood that the 
invention may be embodied in a variety of implementations, 
and should not be construed as being limited to only those 
shown and described herein. For example, although the non 
limiting circuit implementations of the Figures shows the 
use of MOSFET devices to perform controlled switching 
operations, it will be appreciated that the invention is not 
limited thereto, but also may be configured of alternative 
equivalent circuit devices, such as, bipolar transistors. The 
implementation example to be described is intended to fur 
nish only those specifics that are pertinent to the present 
invention, so as not to obscure the disclosure with details 
that are readily apparent to one skilled in the art having the 
benefit of present description. Throughout the text and draw 
ings like numbers refer to like parts. 

Attention is now directed to FIG. 2, which diagrammati 
cally shows an embodiment of a single pin-programmable, 
bi-directional offset generator circuit in accordance with the 
invention, and being configured to be readily interfaced with 
the PWM controller of a DC-DC converter of the type shown 
in FIG. 1, described above. As shown in FIG. 2, the offset 
generator comprises a bi-directional constant current 
generator, containing first and second complementary 
polarity-based amplifiers 210 and 220, respectively. The first 
or upper amplifier 210 has its non-inverting (+) input 211 
referenced via a first voltage V2 to an upper voltage (VCC) 
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4 
rail, and its output 213 coupled as a Switch-control input to 
the gate of a first output switching device, shown as PMOS 
FET Q1. In a complementary manner, the second or lower 
amplifier 220 has its non-inverting (+) input 221 referenced 
via a second DC voltage V3 to a lower voltage (VSS) rail, 
and its output 223 coupled as a switch-control input to the 
gate of a second output switching device, shown as NMOS 
FET Q2. 
MOSFETs Q1 and Q2 have their source-drain paths 

coupled in series between a user-programmable offset input 
terminal OFS and an offset output terminal OFSOUT. A 
first, programming resistor R5 is coupled between the upper 
(VCC) Supply rail and a first programming pin P1, while a 
second programming resistor R6 is coupled between the 
lower (VSS) Supply rail and a second programming pin P2. 
As will be described, by selectively connecting program 
ming pin, Pprog to which the input terminal OFS is 
connected, to one of the first and second programming pins 
P1 and P2, the bi-directional constant current generator is 
user programmed to Supply either a positive polarity or a 
negative polarity offset current to the OFSOUT terminal. 
The OFS terminal is coupled to the respective inverting 

(-) inputs 212 and 222 of respective amplifiers 210 and 220, 
and also to the source S of PMOSEET Q1 and to the 
source S. of NMOSFET Q2. The OFSOUT terminal is 
coupled to the commonly connected drains Do and D of 
MOSFETS Q1 and Q2. It should be noted that the source 
and drain connections of the MOSFETs may be inter 
changed. The body of PMOSFET Q1 is coupled to VCC and 
the body of NMOSFET Q2 is coupled to VSS to avoid para 
sitic conduction paths. 
The operational parameters of the circuit of FIG. 2 are as 

follows. The values of the DC voltages V2 and V3 are con 
strained such that the voltage VA applied to the non 
inverting (+) input 211 of amplifier 210 is higher than volt 
age VB at the non-inverting (+) input 221 of amplifier 220. 
Also, the Voltage VA must be higher than the voltage at the 
output terminal OFSOUT, when resistor R5 is used (the OFS 
terminal is coupled to programming pin P1) and the Voltage 
VB must be lower than the voltage at the output OFSOUT 
when the resistor R6 is used (the OFS terminal is coupled to 
programming pin P1). 

In operation, in a first, sourcing current programming 
mode, in which the programming pin Prog is connected to 
pin P1, resistor R5 is connected between VCC and terminal 
OFS, while pin P2 remains open. With this connection, the 
output 213 of amplifier 210 will drive the gate of PMOSFET 
Q1 low causing PMOSFET Q1 to conduct. With MOSFET 
Q1 conducting, amplifier 210 attdempts to drive the voltage 
terminal OFS at its inverting (-) input terminal 212 so as to 
match the Voltage VA at its non-inverting (+) input terminal 
211. With PMOSFET Q1 being turned on by amplifier 210, a 
sourcing current will flow from the supply rail VCC through 
resistor R5, terminal OFS, the source-drain path of PMOS 
FET Q1 to the output terminal OFSOUT. The magnitude of 
this current Ioso, is V2/R5. 

With terminal OFS driven to equal the voltage VA, and 
with the voltage VA constrained to be higher than VB, then 
the voltage at the inverting (-) input 222 of amplifier 220 is 
higher than at the non-inverting (+) input 221. Amplifier 220 
will then drive its output 223, the gate of MOSFET Q2, low, 
shutting MOSFET Q2 off. The current from OFSOUT is 
therefore defined exclusively by V2/R5. 

In a second, sinking current programming mode, in 
which programming pin Prog is connected in pin P2, resistor 
R6 is connected between VSS and terminal OFS, while pin 
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P1 is open. With this connection, the output 223 of amplifier 
220 will drive the gate of NMOSFET Q2 high, causing 
NMOSFET Q2 to conduct. In this condition amplifier 220 
attempts to drive the voltage terminal OFS at its inverting (-) 
input terminal 222 so as to match the Voltage VA at its non 
inverting (+) input terminal 211. With NMOSFET Q2 being 
turned on by amplifier 220, a sinking current will flow from 
the supply rail VSS through resistor R6, terminal OFS, the 
source-drain path of NMOSFET Q2 to the output terminal 
OFSOUT. The magnitude of this current Is is equal to 
V3/R6. 

With terminal OFS driven to equal the voltage VB, and 
with the voltage VB constrained to be lower than the voltage 
VA, then the inverting (-) input 212 of amplifier 210 is lower 
than the non-inverting (+) input 211. Amplifier 210 will then 
drive its output 210, the fate of PMOSFET Q1, high, shut 
ting MOSFET Q1 off. The current from OFSOUT is there 
fore defined exclusively by V3/R6. 
The Sourcing or sinking current generated by the constant 

current generator of FIG. 2 can be connected to the PWM 
controller of the PWM switching DC power supply of FIG. 1 
to provide a constant offset voltage. FIG. 3 illustrates one 
implementation of interconnecting the two circuits, wherein 
the OFSOUT terminal of the constant current generator of 
FIG. 2 is coupled to the feedback path FB of the PWM 
switching DC power supply of FIG. 1. The injection of this 
constant (Source or sinking) current creates an associated 
voltage drop across the resistor R2 in the PWM-based 
DC-DC power supply of FIG. 1, thereby shifting the voltage 
VOUT by a value corresponding to the product of the resis 
tance of resistor R2 and the current Ioso injected atter 
minal FB. 

If the direction of current flow is out of the output pin 
OFSOUT, the resulting voltage drop Vs across resistor R5 
will make the voltage at point FB higher than at VOUT. In 
response to this Voltage increase at its inverting (-) input 
terminal 222, amplifier 220 will reduce its output voltage 
and thereby the voltage VOUT, so as to bring the voltage at 
FB back into balance with the voltage at REF. Conversely, if 
the direction of current flow is into the output pin OFSOUT. 
the resulting Voltage drop Vs across resistor R5 will make 
the voltage at point FB lower than at VOUT. In response to 
this Voltage decrease at its inverting (-) input terminal 222, 
amplifier 220 will increase its output voltage and thereby the 
voltage VOUT, so as to bring the voltage at FB back into 
balance with the voltage at REF. 

It should be noted that the difference or offset voltage 
between the voltages at FB and VOUT is equal to the prod 
uct of the value of resistor R2 times the output current 
Ioso. Also, Ioso, is equal to V2/R5 or V3/R6. The 
magnitude of the offset voltage is therefore equal to V2XR2/ 
R5 or V3XR2/R6. In a typical PWM controller integrated 
circuit, the voltages V1,V2 and V3 are internally generated 
and stable, while resistors R2, R5, and R6 are stable external 
components. 
A second implementation of interconnecting the circuits 

of FIGS. 1 and 2 is shown in FIG. 4, wherein the OFSOUT 
terminal of the constant current generator of FIG. 2 is 
coupled to the reference terminal pin REF of the PWM 
switching DC power supply of FIG. 1. The injection of the 
constant (source or sinking) current Is, creates an asso 
ciated voltage drop across the input resistor R4 in the PWM 
based DC-DC power supply of FIG. 1, as the current 
Its must flow through resistor R4 to reference Voltage 
V1, as there is no other DC path available (capacitor C3 
blocks the path to VSS, while the input to amplifier 20 is 
high impedance). 
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6 
In the embodiment of FIG. 4, the current Is will 

create a voltage drop across the resistor R4 of the PWM 
controlled DC-DC converter of FIG. 1, causing the DC volt 
age at terminal REF to be different from the DC voltage of 
reference Voltage V1. If the Is flows out of terminal 
OFSOUT, the voltage at terminal REF will be higher than 
the Voltage V1, increasing the Voltage applied to the non 
inverting (+) input 21 of amplifier 20. In response to this 
Voltage increase, amplifier 20 increases the Voltage at termi 
nal VOUT to make the voltage at FB match the voltage at 
REF. 

On the other hand, if the current Is flows into termi 
nal OFSOUT, the voltage at terminal REF will be lower than 
the Voltage V1, decreasing the Voltage applied to the non 
inverting (+) input 21 of amplifier 20. In response to this 
voltage drop, amplifier 20 will decrease the voltage at termi 
nal VOUT to make the voltage at FB match the voltage at 
REF. The offset or difference voltage between the voltage 
V1 and the voltage at REF is equal to the product of the 
current Is times the value of the resistor R4. Also, the 
current Is is equal to V2/R5 or V3/R6. The value of the 
offset voltage is therefore equal to V2XR4/R5 or V3XR4/ 
R6. 

From the above description, it will be appreciated that the 
polarity of the offset voltage, namely the polarity of VOUT 
referenced to V1, is dependent upon the choice of the pro 
gramming resistor (either R5 or R6) of the constant current 
generator of FIG. 2, and also the pin of FIG. 1 to which the 
OFSOUT of FIG. 2 is connected (either FB or REF). The 
polarity of the offset voltage for the choice of these program 
mable parameters is shown in the Table of FIG. 5. 
The voltage V3 of the constant current source of FIG. 2 

may typically be implemented as a bandgap Voltage 
(referenced to VSS or ground (GND)). The voltage V2, ref 
erenced to VCC, may be derived from the voltage V3. A 
non-limiting embodiment of a circuit for deriving the Volt 
age V2 from the (bandgap-based) voltage V3 is shown in 
FIG. 6, as comprising an operational amplifier 250 having its 
non-inverting (+) input 251 coupled to the positive side of 
voltage source V3. 

Amplifier 250 has its output 253 coupled to drive the gate 
of NMOSFET Q3. NMOSFET Q3 has its source-drain path, 
coupled in series with a first resistor R7 to the Vss supply rail 
and a second resistor R8 coupled to the VCC supply rail. The 
voltage V2 is derived across resistor R8. The connection 
between the source/drain of PMOSFET Q3 and resistor R7 
is coupled to the inverting (-) terminal 252 of amplifier 250. 
In operation, amplifier 250 drives PMOSFET Q3 to make 
the voltage drop VR7 across resistor R7 equal to the voltage 
V3. This produces a current equal to V3/R7, which is applied 
to resistor R8, producing a voltage V2 equal to (V3*R8)/R7. 
As will be appreciated from the foregoing description, the 

single pin-programmable, bi-directional offset generator cir 
cuit of the present invention readily enables a PWM-based 
DC power supply circuit to supplied with a user selectable 
positive or negative polarity output current. Depending upon 
the (single pin) programming of the current generator and 
the point of injection of its output current into the PWM 
controller circuit, the DC-DC converter will operate at pre 
determined offset voltage. 

While I have shown and described several embodiments 
in accordance with the present invention, it is to be under 
stood that the same is not limited thereto but is susceptible to 
numerous changes and modifications as known to a person 
skilled in the art, and I therefore do not wish to be limited to 
the details shown and described herein, but intend to cover 
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all Such changes and modifications as are obvious to one of 
ordinary skill in the art. 
What is claimed is: 
1. An apparatus for generating a regulated direct current 

(DC) voltage comprising: 
a DC-DC converter operative to generate a regulated DC 

output Voltage derived from a Supply Voltage, said 
DC-DC converter having a pulse width modulation 
(PWM) generator which generates a PWM-based out 
put voltage at an output node thereof, said output Volt 
age being coupled through an inductor element to an 
output Voltage terminal for application to a load; 

a PWM controller for controlling the operation of said 
PWM generator, said PWM controller including 
an operational amplifier having a first input coupled to 

receive a reference Voltage, a second input, and an 
output coupled to said PWM generator, and 

a current feedback resistor coupled between said output 
node and said second input of said operational ampli 
fier; and 

a user-programmable bi-directional, constant current gen 
erator circuit for controlling the operation of said PWM 
controller, and being configured to generate a user 
programmable one of a positive (+) or a negative (-) 
polarity current, and to supply said a user 
programmable current to a user-selected location of 
said PWM controller for controlling the operation of 
said PWM generator. 

2. The apparatus according to claim 1, wherein 
said user-programmable bi-directional, constant current 

generator circuit comprises first and second operational 
amplifiers that drive associated Switching devices, 

said first operational amplifier is coupled receive a first 
DC voltage referenced to a first DC power supply rail, 
and said second operational amplifier is coupled to 
receive a second DC voltage referenced to a second DC 
Supply rail, 

current flow paths through said Switching devices are 
coupled in series between an offset input terminal, to 
which a programming input pin is coupled and an offset 
current output terminal from which said user 
programmable one of a positive (+) or a negative (-) 
polarity current is derived, and 

said programming input pin is coupled through a selected 
one of a first programming resistor to said first DC 
Voltage Supply rail, and a second programming resistor 
to said second DC voltage Supply rail. 

3. The apparatus according to claim 2, wherein, for either 
a current-sourcing or a current-sinking mode, said program 
ming input pin is coupled through said first programming 
resistor to said first DC voltage Supply rail, causing said first 
operational amplifier to drive its Switching device to 
conduct, so that said first operational amplifier attempts to 
make the Voltage at its input match said first reference 
Voltage, while said second operational amplifier maintains 
said second switching device in the off state, whereby a 
current will flow between said first DC supply rail through 
said first programming resistor, said input programming ter 
minal and the current path of the turned-on first Switching 
device, said offset current output terminal and said user 
selected location of said PWM controller. 

4. The apparatus according to claim 3, wherein for said 
current-sourcing mode, said user-selected location of said 
PWM controller to which said offset current output terminal 
is applied corresponds to said first input of said operational 
amplifier of said PWM controller. 
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5. The apparatus according to claim 3, wherein for said 

current-sinking mode, said user-selected location of said 
PWM controller to which said offset current output terminal 
is applied corresponds to said second input of said opera 
tional amplifier of said PWM controller. 

6. The apparatus according to claim 2, wherein, for either 
a current-sourcing or a current-sinking mode, said program 
ming input pin is coupled through said second programming 
resistor to said second DC Voltage Supply rail, causing said 
second operational amplifier to drive its Switching device to 
conduct, so that said second operational amplifier attempts 
to make the Voltage at its input match said second reference 
Voltage, while said first operational amplifier maintains said 
first switching device in the off state, whereby a current will 
flow between said second Supply rail through said second 
programming resistor, said input programming terminal and 
the current path of the turned-on second Switching device, 
said offset current output terminal and said user-selected 
location of said PWM controller. 

7. The apparatus according to claim 6, wherein for said 
current-sourcing mode, said user-selected location of said 
PWM controller to which said offset current output terminal 
is applied corresponds to said second input of said opera 
tional amplifier of said PWM controller. 

8. The apparatus according to claim 6, wherein for said 
current-sinking mode, said user-selected location of said 
PWM controller to which said offset current output terminal 
is applied corresponds to said first input of said operational 
amplifier of said PWM controller. 

9. The apparatus according to claim 2, further including a 
bandgap Voltage generator circuit that is operative to gener 
ate said first and second DC voltages for application to said 
first and second operational amplifiers, respectively. 

10. A method of generating a regulated direct current 
(DC) voltage, comprising the steps of 

(a) providing a DC converter controlled by a pulse width 
modulation (PWM) generator which generates a PWM 
based output Voltage at an output node thereof that is 
coupled through an inductor element to an output Volt 
age terminal for application to a load; and 

(b) controlling the operation of said PWM generator by 
performing the steps of 
1- providing an operational amplifier having a first 

input coupled to receive a Voltage reference, a second 
input and an output coupled to said PWM generator, 

2- coupling a current feedback resistor between said 
output node and said second input of said operational 
amplifier, 

3-generating a user-programmable one of a positive (+) 
or a negative (-) polarity constant current, and 

4- Supplying said user-programmable one of a positive 
(+) or a negative (-) polarity constant current to a 
user-selected location of said PWM generator. 

11. The method according to claim 10, wherein step (b)3 
comprises: 

providing first and second operational amplifiers that 
drive associated Switching devices, said first opera 
tional amplifier being coupled to receive a first DC volt 
age referenced to a first DC power Supply rail, and said 
second operational amplifier being coupled to receive a 
second DC voltage referenced to a second DC supply 
rail, current flow paths through said Switching devices 
being coupled in series between an offset input 
terminal, to which a programming input pin is coupled, 
and an offset current output terminal from which said 
user-programmable one of a positive (+) or a negative 
(-) polarity current is derived, and wherein said pro 
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gramming input pin is coupled through a selected one 
of a first programming resistor to said first DC voltage 
Supply rail and a second programming resistor to said 
second DC Voltage Supply rail. 

12. The method according to claim 11, wherein, in step 
(b)4, for either a current-sourcing or a current-sinking mode, 
said programming input pin is coupled through said first 
programming resistor to said first DC voltage Supply rail, 
causing said first operational amplifier to drive its Switching 
device to conduct, so that said first operational amplifier 
attempts to make the Voltage at its input match said first 
reference Voltage, while said second operational amplifier 
maintains said second Switching device in the off state, 
whereby a current flows between said first DC supply rail 
through said first programming resistor, said input program 
ming terminal and the current path of the turned-on first 
Switching device, said offset current output terminal and said 
user-selected location of said PWM controller. 

13. The method according to claim 12, wherein step (b)4 
corresponds to said current-sourcing mode, and wherein said 
user-selected location of said PWM controller to which said 
offset current output terminal is applied corresponds to said 
first input of said operational amplifier of said PWM control 
ler. 

14. The method according to claim 12, wherein step (b)4 
corresponds to current-sinking mode, and wherein said user 
selected location of said PWM controller to which said off 
set current output terminal is applied corresponds to said 
second input of said operational amplifier of said PWM con 
troller. 

15. The method according to claim 11, wherein, in step 
(b)4, for either a current-sourcing or current-sinking mode, 
said programming input pin is coupled through said second 
programming resistor to said second DC voltage Supply rail, 
causing said second operational amplifier to drive its Switch 
ing device to conduct, so that said second operational ampli 
fier attempts to make the Voltage at its input match said 
second reference Voltage, while said first operational ampli 
fier maintains said first Switching device in the off state, 
whereby a current will flow between said second supply rail 
through said second programming resistor, said input pro 
gramming terminal and the current path of the turned-on 
second Switching device, said offset current output terminal 
and said user-selected location of said PWM controller. 
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16. The method according to claim 15, wherein step (b)4 

corresponds to current-sourcing mode, and wherein said 
user-selected location of said PWM controller to which said 
offset current output terminal is applied corresponds to said 
second input of said operational amplifier of said PWM con 
troller. 

17. The method according to claim 15, wherein step (b)4 
corresponds to current-sinking mode, and wherein said user 
selected location of said PWM controller to which said off 
set current output terminal is applied corresponds to said 
first input of said operational amplifier of said PWM control 
ler. 

18. The method according to claim 11, wherein step (b)3 
includes generating said first and second DC Voltages from a 
bandgap Voltage generator circuit. 

19. A user-programmable constant current generator cir 
cuit comprising: 

an input terminal; 
an output terminal from which a user-programmable con 

stant current is derived; 
a first operational amplifier having a first input coupled to 

receive a first DC voltage referenced to a first power 
Supply rail, a second input, and an output coupled to 
drive an associated first Switching device; 

a second operational amplifier having a first input coupled 
to receive a second DC voltage referenced to a first 
second power Supply rail, a second input, and an output 
coupled to drive an associated second Switching device; 

said first and second Switching devices having current 
flow paths therethrough coupled between said inputter 
minal and said output terminal; and 

a first programming resistor input pin coupling said 
input terminal to one of said first and second power 
Supply rails. 

20. The user-programmable constant current generator 
circuit according to claim 19, further including a bandgap 
Voltage generator circuit that is operative to generate said 
first and second DC voltages for application to said first and 
second operational amplifiers, respectively. 
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