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(57) Abstract: A power supply control system delivers regulated power to a load via a delivery cable. The power supply control sys -
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ADAPTIVE CABLE DROP COMPENSATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/005,602, filed May 30, 2014, which is incorporated herein by reference in its entirety.

BACKGROUND
[0002] The present disclosure relates generally to power supplies, and more particularly
to regulation of voltage and/or current with primary-side sensing and feedback.
[0003] Power supplies, including battery chargers, may be used to deliver regulated
voltage to electrical devices, including cell phones, tablets, power tools, and digital cameras,
among numerous other examples. A power supply may be implemented using a
commercially-available PWM (pulse width modulation) controller integrated circuit (IC).
When employed in a battery charger, a PWM controller IC is configured to compensate for
voltage drop on a charging cable connecting the battery charger to the battery, commonly
referred to as cable drop compensation (CDC). In a conventional PWM controller, the cable
voltage drop often necessitates the use of a dedicated cable compensation circuit and an extra,
dedicated IC pin to attach additional electrical components for cable compensation to meet
particular application specifications such as output current, output voltage, and cable
resistance.
[0004] Generally, conventional cable drop compensation adjusts for the voltage drop
across a cable caused by output current multiplied by the direct current resistance of the
cable, commonly referred to as IR loss. As the output load current increases from 0% to
100% of the output current rating, IR losses increase from OV to a product of the current at
the maximum current rating and the resistance of the cable (Imax X RcagLy).
[0005] FIG. 1 shows a simplified block diagram of prior art system 100 performing
cable drop compensation. In FIG. 1, a power stage 102 delivers power to a load 104 via a
cable, across which is generated a cable drop 106. The power stage 102 regulates power
through the load 104 based on an adjusted feedback voltage Va. In the system 100, the
adjusted feedback voltage Va is generated by adjusting a feedback voltage Vfb, representing

a voltage across the load 104, by an estimated voltage drop Vreg across the cable. The
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estimated voltage drop Vreg is represented by the output current as a percentage of the
maximum rated output current, multiplied by a CDC scaling factor CDCy. The CDC scaling
factor CDC, is a pre-set value that is specific to the output voltage setting, output load range,
and estimated resistance of the cable. Accordingly, the estimated voltage drop Vreg is
linearly related to the output current, as shown in FIG. 2.

[0006] However, conventional cable drop compensation systems are based on the
power supply providing a fixed regulated output voltage with a predefined output load range.
These cable drop compensation systems do not address power supplies capable of delivering
multiple regulated output voltage levels to a device. Furthermore, the minimum and
maximum current outputs through the load may vary depending on the regulated output
voltage setting. Conventional CDC systems adjust for cable IR losses of one output voltage
and load range setting. But since the CDC scaling factor (CDCy) is a pre-set value and the
actual IR losses across the cable are independent of the output voltage and load range, the
cable drop compensation value will either over- or under-compensate for cable IR losses
when the power supply is configured to a different output voltage and load ranges setting.
[0007] FIG. 3 illustrates that using the conventional pre-set CDCy scaling factor will
result in inaccurate CDC by either under-estimating or over-estimating the cable drop. FIG. 3
illustrates cable drop compensation for two output voltage settings V1 and V2, each having a
corresponding current rating (e.g., the current range of the power supply operated at V2 is
smaller than the current range at V1). When the same CDCj scaling factor is used for both
output voltage settings, the computed CDC value at a given output load I-LOAD has a CDC
offset 302 that results in an inaccurate cable drop compensation value. For example, if the
CDC scaling factor CDCy is specified based on V1 while the power stage 102 is operated to
output voltage at V2, the system undercompensates for the cable drop at I.LOAD by the
offset 302.

SUMMARY
[0008] A power supply control system delivering regulated power to a load via a
delivery cable compensates for a voltage drop across the delivery cable caused by resistive
losses in the cable. The power supply control system includes a power stage delivering the
regulated power to the load, and is operable to deliver power at multiple different voltage
levels. In one embodiment, the power stage is operable to deliver power at a first regulated

voltage level, at which the power stage and/or the load are rated for a first maximum current
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rating, and a second regulated voltage level, at which the power stage and/or load are rated
for a second maximum current rating.

[0009] A cable offset voltage unit of the power supply control system generates an
offset voltage signal representing a drop in voltage across the delivery cable. When the
power stage is operated to deliver power at the first regulated voltage level, the offset voltage
signal is generated based on a first cable drop compensation value. When the power stage is
operated to deliver power at the second regulated voltage level, the offset voltage signal is
generated based on a second cable drop compensation value. In one embodiment, the second
cable drop compensation value is generated by scaling the first cable drop compensation
value by at least one of a ratio of the second regulated voltage level to the first regulated
voltage level and a ratio of the second maximum current to the first maximum current.

[0010] A controller coupled to the power stage and the cable offset voltage unit controls
the power stage to deliver the regulated power to the load based at least in part on the offset
voltage signal. For example, the controller receives a feedback signal indicating output
voltage through the load adjusted by the voltage drop across the cable, as computed by the
controller or the cable offset voltage signal using the offset voltage signal.

[0011] The features and advantages described in the specification are not all inclusive
and, in particular, many additional features and advantages will be apparent to one of
ordinary skill in the art in view of the drawings, specification, and claims. Moreover, it
should be noted that the language used in the specification has been principally selected for
readability and instructional purposes, and may not have been selected to delineate or

circumscribe the inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The teachings of the embodiments of the present invention can be readily
understood by considering the following detailed description in conjunction with the

accompanying drawings.

[0013] Figure (FIG.) 1 is a block diagram illustrating a prior art system performing
cable drop compensation.

[0014] FIG. 2 illustrates cable drop compensation values in relation to output current.
[0015] FIG. 3 illustrates inaccurate cable drop compensation values generated by a

prior art system.
[0016] FIG. 4 illustrates a power supply system compensating for voltage drop across a

cable, according to one embodiment.
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[0017] FIG. 5 illustrates an example power stage employing primary-side feedback and
control, according to one embodiment.

[0018] FIG. 6 illustrates example cable drop compensation values for two output
voltage settings, according to one embodiment.

[0019] FIG. 7 illustrates example cable drop compensation values for three output
voltage settings, according to one embodiment.

[0020] FIG. 8A illustrates example experimental results before adjusting cable drop
compensation values based on output voltage and current settings, according to one
embodiment.

[0021] FIG. 8B illustrates example experimental results after adjusting cable drop
compensation values based on output voltage and current settings, according to one

embodiment.

DETAILED DESCRIPTION
[0022] The Figures (FIG.) and the following description relate to preferred
embodiments of the present invention by way of illustration only. It should be noted that
from the following discussion, alternative embodiments of the structures and methods
disclosed herein will be readily recognized as viable alternatives that may be employed
without departing from the principles of the claimed invention.
[0023] Reference will now be made in detail to several embodiments of the present
invention(s), examples of which are illustrated in the accompanying figures. It is noted that
wherever practicable similar or like reference numbers may be used in the figures and may
indicate similar or like functionality. The figures depict embodiments of the present
invention for purposes of illustration only. One skilled in the art will readily recognize from
the following description that alternative embodiments of the structures and methods
illustrated herein may be employed without departing from the principles of the invention
described herein.
[0024] FIG. 4 illustrates a power supply system 400 compensating for voltage drop
across a cable delivering power to a load, according to one embodiment. The power supply
system 400 takes output voltage and current settings into account when compensating for the
voltage drop, enabling the power supply system 400 to more accurately compensate for IR
losses in the cable at multiple different power settings. As shown in FIG. 4, one embodiment

of the power supply system 400 comprises a power stage 402 delivering power to a load 404
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and a cable offset voltage unit 410. Other embodiments may include additional, fewer, or
different components than those shown in FIG. 4.

[0025] The power stage 402 delivers regulated power to the load 404 via a delivery
cable, resistive losses in which create a cable voltage drop 406. In one embodiment, the
power stage 402 includes a switching power converter delivering power to the load 404
across an inductor and regulating the power through the load 404 based on a feedback signal
V_sense. In one embodiment, the power stage 402 is configured to operate under a variety of
load conditions, such as the load 404 being connected to the power stage 402 and the load
404 not being connected to the power stage 402. To accommodate for different load
conditions, the power stage 402 may operate under a constant voltage mode or a constant
current mode. In a constant voltage mode, the power stage 402 supplies a regulated output of
a fixed voltage within a specified tolerance range. When the load 404 is, for example, an
electronic device charged and powered by the power stage 402, constant voltage mode
generally indicates that the internal battery of the electronic device is fully charged and the
fixed output voltage of the power stage 402 provides the operating power for the electronic
device to be operated normally. In a constant current mode, the power stage 402 provides a
fixed current output. Constant current mode indicates, for example, that the internal battery
of the electronic device is not fully charged and the constant current output of the power stage
402 allows for the efficient charging of the battery.

[0026] The cable offset voltage unit 410 generates the feedback signal V_sense used by
the power stage 402 to regulate the power delivered to the load 404. In general, the cable
offset voltage unit 410 receives a feedback voltage Vfb indicating a voltage across the load
404, determines an offset voltage Vreg, and adjusts the feedback voltage Vb by the offset
voltage Vreg to generate V_sense. In one embodiment, the offset voltage signal Vreg, which
represents an estimate of the voltage drop 406 across the delivery cable coupling the power
stage 402 to the load 404, is generated using a baseline cable offset factor CDC,. The
baseline cable offset factor CDC, is a preset value specified for a particular combination of
baseline output voltage (V0), maximum output current rating (10) corresponding to the
baseline output voltage V0, and estimated cable resistance. For example, the baseline cable
offset factor CDCy is specified by a designer of the power supply system 400.

[0027] For a given output voltage V1, the power stage 402 and/or the load 404 are rated
for a current up to a maximum rated current I1. That is, the power stage 402 outputs a
current have a magnitude less than or equal to I1. To generate the offset voltage signal Vreg,

the cable offset voltage unit 410 receives (e.g., from the power stage 402) the operating
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voltage V1 of the power stage 402 and a magnitude of the current output by the power stage
402. The cable offset voltage unit 410 scales the baseline cable offset factor CDCy by a ratio
of V1 to the baseline output voltage V0, by a ratio of I1 to the maximum rated current 10 at
the baseline voltage VO, or by both ratios. The scaled cable offset factor is multiplied by the
magnitude of the actual output current from the power stage 402 as a percentage of the
maximum rated current 11, generating the offset voltage signal Vreg. The cable offset
voltage unit 410 then subtracts Vreg from the feedback voltage Vfb, generating the signal
V_sense that is input to the power stage 402 for controlling regulated power through the load
404.
[0028] As shown in FIG. 4, one embodiment of the cable offset voltage unit 410
includes a first compensation block 412 and a second compensation block 414. The first
compensation block 412 scales the baseline cable offset factor CDC by a ratio of V1 to the
baseline output voltage V0, and outputs a value CDC1(V), representing the offset factor
scaled by voltage, to the second compensation block 414. The second compensation block
414 scales CDC1(V) by a ratio of I1 to the current rating 10 corresponding to the baseline
output voltage VO, generating a value CDC1(V,I). Thus, for example, CDC1(V,I) may be
given by the following expression:

eDCL(V. I = €DCo (o) ()

AN L

If the magnitude of the actual output current from the power stage 402 is Ii, Vreg is then

given by:

o FX
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Finally, the feedback signal V_sense is computed as:

Wﬂff - 171}{& - i’gf &&lit

[0029] The cable offset voltage unit 410 may scale the baseline offset factor CDCy by
both the ratio of the voltage setting to the baseline voltage and the ratio of the current rating
corresponding to the voltage setting to the baseline current, or may scale the baseline offset
factor CDC,y by either the voltage ratio or the current ratio. Furthermore, although FIG. 4
illustrates the first compensation block 412 scaling the baseline offset factor CDC, by voltage

prior to the second compensation block 414 scaling by the current rating, the baseline offset
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factor CDCy may in other embodiments be scaled by the current ratio prior to being scaled by
the voltage ratio.

[0030] In another embodiment, the cable offset voltage unit 410 receives a signal
indicating a magnitude of the instantaneous output current from the power stage 402. The
cable offset voltage unit 410 generates the offset voltage signal Vreg using the instantaneous
output current and an estimate of the resistance of the delivery cable. For example, if I; is the
magnitude of the output current and R, is the estimated resistance of the delivery cable (as
specified, for example, by a designer of the power supply system 400), the cable offset

voltage unit 410 generates the offset voltage signal Vreg by the following equation:
Vreg =1 X R,

The cable offset voltage unit 410 may periodically receive the instantaneous output current
and generate a new Vreg value, such as during each switching cycle of the power stage 402
switch.

[0031] FIG. 5 illustrates an example embodiment of the power stage 402 employing
primary-side feedback and control. In one embodiment, the power stage 402 includes, among
other components, a transformer with primary winding 502, secondary winding 504, and
auxiliary winding 503; a power switch 506; and a controller 510. Other embodiments of the
power stage 402 may include additional, fewer, or different components, and may have a
different configuration than shown in FIG. 5. For example, while FIG. 5 illustrates the power
stage 402 comprising a switching power converter configured in a flyback topology, the
power stage 402 may alternatively be configured as a boost topology, a buck-boost topology,
or any other power converter topology suitable for delivering power to the load 404 across an
inductor.

[0032] Referring to the example of FIG. 5, the power stage 402 receives AC power
from an AC power source (not shown), which is rectified to provide the regulated DC input
voltage 501 across an input capacitor C1. Input voltage 501 is coupled to the primary
winding 502. During ON cycles of the power switch 506, energy is stored in the primary
winding 502 because the rectifier D, is reverse biased. The energy stored in the primary
winding 502 is released to the secondary winding 504 and transferred to the load 520 across
the capacitor C2 during the OFF cycles of the power switch 506 because the rectifier D;
becomes forward biased. After the power switch 506 turns off, the rectifier D1 conducts

current to the output of the switching power stage 402.
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[0033] The primary-side controller 510 generates a control signal 513 to turn on or turn
off power switch 506. The controller 510 senses current I_sense through the primary
winding 502 in the form of a voltage 515 across a sense resistor Rs. The current I_sense is
proportional to the current through the load 404 by a turns ratio of the transformer. The
controller 510 also receives the feedback signal V_SENSE, indicating the output voltage
Vout adjusted by the cable drop compensation generated by the cable offset voltage unit 410.
In one embodiment, the output voltage Vout is reflected as the feedback voltage Vb across
the auxiliary winding 503 of the transformer during off cycles of the power switch 506. The
cable offset voltage unit 410 is coupled to the auxiliary winding 503 to receive the feedback
voltage Vfb. Any of a variety of other mechanisms for sensing the output voltage Vout of the
power stage 402 may be used instead of measuring the voltage across the auxiliary winding
503.

[0034] The controller 510 controls switching of the power switch 506 to regulate the
output voltage Vout based on V_sense or to regulate output current through the load 404
based on I_sense. The controller 510 can employ any one of a number of modulation
techniques, such as pulse-width-modulation (PWM) or pulse-frequency-modulation (PFM),
to control the ON and OFF states and duty cycles of the power switch 506 to regulate the
output voltage Vout and current through the load 404. In one embodiment, the controller 510
also communicates current and voltage settings to the cable offset voltage unit 410 for
generating the offset voltage signal.

[0035] FIG. 6 illustrates various cable drop compensation values generated by the cable
offset voltage unit 410, for two output voltage settings VO and V1 of the power stage 402.
The power stage 402 and/or the load 404 are rated for a maximum output current 10 when
operated at VO, and are rated for a maximum output current I1 when operated at V1. As
shown in FIG. 6, the cable offset voltage unit 410 generates a CDC value along line 601 for
output voltage VO, by scaling the baseline cable offset factor CDC, by the output current as a
percentage of 10. For example, if the power stage 402 is operated to output the maximum
rated current 10 at voltage VO, the cable offset voltage unit 410 generates an offset voltage
signal of Vreg0 shown in FIG. 6. Line 602 represents CDC values generated for operating
the power stage 402 at voltage V1, without adjusting for the different output voltage and
maximum output current of the power stage 402. For example, if the power stage 402 is
operated to output the maximum rated current I1 at voltage V1, generating an offset voltage
signal without compensating for the voltage or current differences would result in Vregl.

Adjusting the baseline CDC value by the ratio of V1 to VO results in an offset voltage signal
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generated along line 603 (e.g., generating an offset voltage of Vreg0 when the power stage is
operated to output current 1), while compensating for both the ratio of V1 to V0 and 11 to 10
results in CDC values generated along line 604 (e.g., generating an offset voltage of Vreg2
for an output current of I1). As illustrated in FIG. 6, the slope of line 604 is the same as the
slope of line 601 because the actual IR losses across the cable are not dependent on the output
voltage or the rated voltage range. Changing the output voltage and load range therefore does
not affect the slope of the cable drop compensation value when the cable offset voltage unit
410 compensates for differences in both the output voltage range and the output current
rating.

[0036] FIG. 7 illustrates three example output voltage settings of the power stage 402
(V1=5V,V2=9V,and V3 = 12V) and the CDC values generated across the range of
current values for which the load is rated at each of the voltage settings. In the example of
FIG. 7, the baseline cable offset factor CDCy is specified for the 5V output, and the CDC
values for 9V and 12V are computed by adjusting the baseline factor based on voltage and/or
current ratios. At the maximum current loads Icc1, Iec2, and Icc3 for each of the voltage
settings (as example current outputs used to compute CDC values), the cable offset voltage
unit 410 generates offset voltages of, respectively, Vreg3, Vreg4, and Vreg5. As shown in
FIG. 7, the offset voltages Vreg3, Vregd, and Vreg5 computed by the cable offset voltage
unit 410 more accurately reflect the actual voltage drop across the cable (e.g., by not
overcompensating for the cable voltage drop), and are independent of the output voltage
level.

[0037] FIGS. 8A-8B illustrate experimental results before (FIG. 8A) and after (FIG.
8B) adjusting cable drop compensation values based on the output voltage settings and
corresponding maximum current ratings. Similar to FIG. 7, FIGS. 8A-8B illustrate offset
voltages adjusted by voltage and current ratios more accurately reflect actual voltage drop
across the cable than offset voltages generated without adjustment.

[0038] Upon reading this disclosure, those of skill in the art will appreciate still
additional alternative designs for a line frequency detector. Thus, while particular
embodiments and applications of the present invention have been illustrated and described, it
is to be understood that the invention is not limited to the precise construction and
components disclosed herein and that various modifications, changes and variations which
will be apparent to those skilled in the art may be made in the arrangement, operation and

details of the method and apparatus of the present invention disclosed herein.
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What is claimed is:

1. A power supply control system delivering regulated power to a load via a
delivery cable, the power supply control system comprising:

a power stage delivering the regulated power to the load, the power stage operable
to deliver power to the load at a first regulated voltage level and a second
regulated voltage level, wherein the load is rated for a first maximum
current at the first regulated voltage level and a second maximum current
at the second regulated voltage level;

a cable offset voltage unit generating an offset voltage signal representing a drop
in voltage across the delivery cable, the cable offset voltage unit
configured to:

generate the offset voltage signal based on a cable offset factor when the
power stage is operated to deliver power at the first regulated
voltage level, and

generate the offset voltage signal based on scaling the cable offset factor by
at least one of a ratio of the second regulated voltage level to the
first regulated voltage level and a ratio of the second maximum
current to the first maximum current when the power stage is
operated to deliver power at the second regulated voltage level; and

a controller coupled to the power stage and the cable offset voltage unit, the
controller controlling the power stage to deliver the regulated power to the
load in response to a feedback signal representing a voltage across the load

adjusted based on the offset voltage signal.

2. The power supply control system of claim 1, wherein generating the offset
voltage signal based on the cable offset factor comprises multiplying the cable offset factor

by a ratio of a current delivered to the load to the first maximum current.

3. The power supply control system of claim 1, wherein the power stage
comprises:
a transformer including a primary winding coupled to an input voltage and a

secondary winding coupled to the load;

10
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a switch coupled to the primary winding of the transformer, current in the primary
winding being generated responsive to the switch being turned on and not
generated responsive to the switch being turned off;

wherein the controller generates a control signal to turn on or turn off the switch

based on the feedback signal.

4. The power supply control system of claim 3, wherein the transformer further
comprises:
an auxiliary winding on a primary side of the transformer, output voltage across
the secondary winding being reflected as feedback voltage across the
auxiliary winding during off-cycles of the switch;
wherein the feedback signal is generated based on the feedback voltage across the

auxiliary winding.

5. The power supply control system of claim 1, wherein the cable offset voltage
unit receives a signal from the controller indicating an output voltage setting of the power
stage and a magnitude of current through the load, and generates the offset voltage signal

using the received output voltage setting and amount of current through the load.

6. The power supply control system of claim 1, wherein the cable offset factor is
specified for the first regulated voltage level, the first maximum current, and an estimated

resistance of the delivery cable

7. A power supply control system delivering regulated power to a load via a
delivery cable, the power supply control system comprising:

a power stage delivering the regulated power to the load, the power stage operable
to deliver power to the load at a first regulated voltage level and a second
regulated voltage level,

a cable offset voltage unit generating an offset voltage signal representing a drop
in voltage across the delivery cable, the offset voltage signal generated
based on a first cable drop compensation value when the power stage is
operated to deliver power at the first regulated voltage level and based on a
second cable drop compensation value when the power stage is operated to

deliver power at the second regulated voltage level; and

11
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a controller coupled to the power stage and the cable offset voltage unit, the
controller controlling the power stage to deliver the regulated power to the

load based at least in part on the offset voltage signal.

8. The power supply control system of claim 7, wherein generating the offset
voltage signal based on the first cable drop compensation value comprises:
scaling the first cable drop compensation value based on a ratio of a current
delivered to the load to a maximum rated current of the load at the first

regulated voltage level.

9. The power supply control system of claim 7, wherein the cable offset voltage
unit is further configured to:
determine a ratio of the second regulated voltage level to the first regulated
voltage level; and
generate the second cable drop compensation value by scaling the first cable drop

compensation value based on the determined ratio.

10.  The power supply control system of claim 7, wherein the load is rated for a
first maximum current at the first regulated voltage level and a second maximum current at
the second regulated voltage level, and wherein the cable offset voltage unit is configured to:

generate the second cable drop compensation value by scaling the first cable drop
compensation value based on a ratio of the second maximum current to the

first maximum current.

11. The power supply control system of claim 7, wherein the load is rated for a
first maximum current at the first regulated voltage level and a second maximum current at
the second regulated voltage level, and wherein the cable offset voltage unit is further
configured to:

determine a ratio of the second regulated voltage level to the first regulated
voltage level,

determine a ratio of the second maximum current to the first maximum current;
and

generate the second cable drop compensation value by scaling the first cable drop
compensation value based on the ratio of the second regulated voltage
level to the first regulated voltage level and the ratio of the second

maximum current to the first maximum current.

12
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12. The power supply control system of claim 7, wherein the power stage
comprises:

a transformer including a primary winding coupled to an input voltage and a
secondary winding coupled to the load; and

a switch coupled to the primary winding of the transformer, current in the primary
winding being generated responsive to the switch being turned on and not
generated responsive to the switch being turned off;

wherein the controller generates a control signal to turn on or turn off the switch
based on a feedback signal representing a voltage across the load adjusted

by the offset voltage signal.

13. The power supply control system of claim 12, wherein the transformer further
comprises:
an auxiliary winding on a primary side of the transformer, output voltage across
the secondary winding being reflected as feedback voltage across the
auxiliary winding during off-cycles of the switch;
wherein the feedback signal is generated based on the feedback voltage across the

auxiliary winding.

14. The power supply control system of claim 7, wherein the cable offset voltage
unit is further configured to:
receive a signal representing an instantancous output current from the power
stage; and
generate the second cable drop compensation value based on a resistance of the

delivery cable and the instantancous output current.

15. A method for operating a power supply control system to deliver regulated
power to a load via a delivery cable, the power supply control system comprising a power
stage configured to deliver the regulated power to the load at a first regulated voltage level
and a second regulated voltage level, the method comprising:

operating the power stage to deliver the regulated power to the load at one of the
first regulated voltage level and the second regulated voltage level;

generating an offset voltage signal representing a drop in voltage across the
delivery cable, the offset voltage signal generated based on a first cable

drop compensation value responsive to delivering the regulated power to

13
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the load at the first regulated voltage level and based on a second cable
drop compensation value responsive to delivering the regulated power to
the load at the second regulated voltage level; and

controlling the power stage based at least in part on the offset voltage signal.

16.  The method of claim 15, wherein generating the offset voltage signal based on
the first cable drop compensation value comprises:
scaling the first cable drop compensation value based on a ratio of a current
delivered to the load to a maximum rated current of the load at the first

regulated voltage level.

17. The method of claim 15, further comprising:
determining a ratio of the second regulated voltage level to the first regulated
voltage level; and
generating the second cable drop compensation value by scaling the first cable

drop compensation value based on the determined ratio.

18. The method of claim 15, wherein the load is rated for a first maximum current
at the first regulated voltage level and a second maximum current at the second regulated
voltage level, the method further comprising:

generating the second cable drop compensation value by scaling the first cable
drop compensation value based on a ratio of the second maximum current

to the first maximum current.

19. The method of claim 15:
wherein the power stage comprises:
a transformer including a primary winding coupled to an input voltage and
a secondary winding coupled to the load;

a switch coupled to the primary winding of the transformer, wherein
current is generated in the primary winding responsive to the
switch being turned on and is not generated responsive to the
switch being turned off; and

an auxiliary winding on a primary side of the transformer, output voltage
across the secondary winding being reflected as feedback voltage

across the auxiliary winding during off-cycles of the switch; and

14
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wherein controlling the power stage based at least in part on the offset voltage
signal comprises generating a control signal to turn on or turn off the
switch based on the feedback voltage across the auxiliary winding adjusted

by the offset voltage signal.

20. The method of claim 15, further comprising:
receiving a signal representing an instantancous output current from the power
stage; and
generating the second cable drop compensation value based on a resistance of the

delivery cable and the instantancous output current.

15



PCT/US2015/033304

WO 2015/184337

1/8

peo

(M Joud) L '9OI4

QIN

°0ad

(Baup) doug
919D 183
PeOT %

doiq

A

141"

J

)

< abe1g Jamo
x| 910D 1S 19M0d

J J

901l ¢ol

$IN

-
—



PCT/US2015/033304

WO 2015/184337

2/8

(Mvy Jold) Z '9OI4

Bunes walsAs 1o jusolad se qualind Indino




WO 2015/184337 PCT/US2015/033304
3/8

£

Vreg2 *

B

Vreg1

B3

g
=

et 0t e e e gt e 4 e

=1
H
3
3
b
3
1
i
i
b
1
3
H
3
3
3
$
1
1
i
§
3
1
H
3
1
b
$
I3
X

5 A s 3
048 100% 100% lout
V2 V1

FIG. 3 (Prior Art)



PCT/US2015/033304

WO 2015/184337

4/8

gy —» (A)1LDad

¥ 'Old

(I'A)L2ad

A 4

(A) 12ad

J

cly

(I'A) LDaD

J

1424

©
©
(@)
-l
A

14914

dX1 919eD

doiq

PEOT %

I

e]0)7

J

abe1g Jomod

A

(Baup) doug
919D 183

J

[40)%

-
e



PCT/US2015/033304

5/8

G 'Old

WO 2015/184337

2\
20%
T -1
| |
|
® 0LS |
| —I
3\ mmwm |
“ €0S |
| g [PSNas _
| 3ISN3IS A " 0 PaN
| .
_ Mf cLS JNIHd _ —
_ |
908 _
_ DA
| NW QN _
fl\ — 3/ o — . )
07 “ "
avo
| N~ 3" | o 408
— | 2D ¥0S 3 NI A
_ 1d 205 _ .
| o 1 _ 3
1NOA~ | N _



PCT/US2015/033304
6/8

WO 2015/184337

9 'Old

OA LA
noj %001 %001 %0

* 09
("'NoS @D UM
LA

AO =200
(ACL pue AG “B'8)
LA S OA

3

R T LR A ROUEYTREIEIREE: 33

e

5
QRO

XV =0d90

..||||||||Nl.‘,,,|..|||.|\\||||||||||m| N@OL>
/ €09 |
/ Woogo uyim

i .
LA

P e e e e e e e e L e e e e e e e e e e e

o

AL e T R G G5 R T e S R0 S e B G S a0 G T e R S e U e R e

- XY =200
0baIA

| XV =000
.,..RR:&S,?Q&?,SSQQR..J,{.QRR.SS&?RQ,Q:@&@Qli.‘.m;a. _\OOL>

(A) 0ad

SUBSTITUTE SHEET (RULE 26)



WO 2015/184337 PCT/US2015/033304
7/8

—— CDC value,
no adjustment
s VO ____ CDC value,
voltage adjustment
— . —. CDC value,
voltage & current adjustment
Ve —_—— 7 Vreg4
oV
V1 Vreg5 Vreg4 Vreg3
SV
lo
0 -~

fce3 fcc? fccl

FIG. 7



PCT/US2015/033304

WO 2015/184337

8/8

oc o oo

o

°

0

60000

ccoo6 00000

ddoed

Pooddddd

o

oaan

ceoo

o o 4 o
o o n‘. °
o o ' o
o . o
o . ¥ o
o .+ o
° o .‘. o
o o ' o
o o M o
o o ¢ o
o . * o
o . * .
o ° + o
o

°

©.

lout

°
2

coo000 000

soo0g0000

o
FY

.5A/div)

o
2

©o0o0o0od

cooo g

2.00 V

o
o
o
o
° © ° o o 9
o a o o + ° o o 4
o o ° ° 4+ o ° o d
ooocoooookoee ©000000 oo.‘.oovo 060 00000 0ccofpooood
o o o o
+ N ° i |
. N <1, =1 - e
. 7 1
o 1 ° |.| © ] o
o V — V o o
seesoo0dfqoooe oovoo o.w.oooEJo 0660 00000 000opoooa
© & + o o o
. 1 E N
> o a o o + o o o
Z
o) o a o o + o o o
Aooakn hd hd hd & hd d hd cose
> '
o a o o o o
+ o o
~ . . o - 4 e . o o
(t o o o o o o o o
u o o ° ° + ° ° o °
Dooeoovonorvsnnonsesonsssionsorasoon oovomsnuennnas
> 0 o o o + 0 ° o o
o o o o + o o o o
o o o ° + o o o °

FIG. 8A

--—--—--—- 1 --—--—-- rri
© o © ° °
< ° ° ) ° © ©
ol ° © ° T © ° °
nwOI ° ¢ ° ¢ ° ©
<ff— °°°co0evo0co000000 Omfm©0 0000000000000 L2000
o @ 4 ° T 4 ®
T ° o ° o ° b
< ° ° ° T © °
—IL
© © °© © ©
rlooooooooooooomo Omfem© © 0 © o000 o 00 e e oo
O @ °
MI ° ° ° ° °
of ° ° ° 1 ° °
oNIF ° ° ° ° ® b
= © © © T © ©
— 0o 000000000 O0COCO OO Omfem © © 0 0 00O OO 0000 O e oo
- © 3 ° T L4 °
B @ © @ T p——— ©
™ @ ] ° ] ©
B ° o ° T o ° b
— 0000000000 0O0COGOOO ©0000000000GO0CGE0 e 00
- ° ° ° £ ° °
p—
= ° © © £ © °
= o 3 °® 4 °
- e © o © _—
AP EPEPEPEE I l RN TR I xz
™ T ™11 T ™ ™ r
g—— I I 1 T ' p
= © © © - © © D
- ° ° © ° ° ~
= ° ° ° - ® ° A
OL ° ® @ ® N
O =
<= ofoocooooocofoooooe o=t=Jd 0000000000000 oOo
o ° o -] o ° uo
i ° -] -] i -] © 5
OOI °© ° © ° ° N’
L ] ° © L © °
Yoo coeo0o00e ceoo0o omtmJoe 0000000 00COCOCECO ot o
= ° L4 ° ° ° L D
L ° [ ° i ° ° uo
- ° -] -] -] ©
© ° °© L ® °
convocooeoaoceo cllvgooeocooeococ e 00
L o > s +
o & (N@AZ) on 5
8 .
- e OY -° + . °
[ K . o lin o o o
n ° © ) © © ]
QU= ©©e00e0c0co0e00000080 Omfem © © © 0 000000000 ©0O0O0 O
jo] B ° d @ 4 ° ° °
D.I < [ Q@ [ e o
ml ° o ° iR o ° o
SI ° ° ° ° ® °
--—--—--—- L --—--—-- L Ll
-~

M 1.0ms 5.0MS/S 200ns/pt

ACh2 ¢ 40.0mV

2.0V Bw
FIG. 8B
SUBSTITUTE SHEET (RULE 26)

Ch2

500mA Q By

Chl



INTERNATIONAL SEARCH REPORT International application No.
PCT/US15/33304

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - G08C19/02 (2015.01)
CPC - G08C 19/02; G05B 11/00, 11/02

According to International Patent Classification (IPC) or to both national classification and IPC
B.  FIELDS SEARCHED ' '
Minimum documentation searched (classification system followed by classification symbols)

IPC(8) -- GO8SC 19/02 (2015.01)
CPC -- G08C 19/02; GO5B 11/00, 11/02, 1/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSeer (US Granted, US Applications, EP-A, EP-B, WO, JP, DE-G, DE-A, DE-T, DE-U, GB-A, FR-A); Google; Google Scholar; EBSCO;
ProQuest; IP.com; Keywords; Power control stage deliver signal load voltage maximum current offset-drop ratio feedback

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2008/0278132 A1 (KESTERSON, J et al) November 13, 2008; title; abstract; paragraphs 1-20
[0016, 0032-0044, 0053-0057].
A US 2013/0193940 A1 (LOUVEL, J.) August 01, 2013; title; figure 1; péragraphs [0027-0029, 1-20
0031].
EY US 2015/0194836 A1 (INFINEON TECHNOLOGIES AUSTRIA) July 09, 2015; abstract; figure 1-20
5; paragraphs [0001, 0018-0019, 0021, 0030-0031, 0055, 0067) ’
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “I” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apElication but cited to understand
to be of particular relevance : the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international  “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive |

“L”  document-which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y"  document of particular relevance: the claimed invention cannot be

s special reason (“js specified) . o considered to involve an inventive step when the document is
0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means ' being obvious to a person skilled in the art

““P”  document published prior to the international filing date but later than  «g» i
the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
18 August 2015 (18.08.2015) , O 3 S E P 20-’5
Name and mailing address of the ISA/ Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents - Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450 .
S PCT Helpdesk: 571-272-4300
Facsimile No. 571.273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report

