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FIG. 1

configured to convert an input voltage (VIN) to an output voltage
(VOUT). The converter includes a switch (14) that is controlled in re-
sponse to an activation signal (ACT) to provide current through an in-
ductor (16). A transition mode controller (18) provides the activation sig-
nal (ACT) based on a measure of charge derived from current through
the switch and based on the current through the inductor.
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POWER CONVERSION SYSTEM AND METHOD
[0001] This relates generally to a power conversion system and method using a
transition mode charge control.
BACKGROUND
[0002] Various types of power converter topologies exist for converting electrical
energy to one form or the other, such as from AC to DC, from DC to AC and DC to DC.
There is an increasing demand for power conversion circuitry to operate with increased
efficiency. Power converters have been implemented as an efficient mechanism for
providing a regulated output in power supplies. As one example, the switching regulator
(also known as a switch-mode power supply) can control the flow of power to a load by
controlling the on and off duty-cycle of one or more switches coupled to an inductor.
SUMMARY
[0003] One embodiment includes a power conversion system. The system includes a
converter configured to convert an input voltage to an output voltage, the converter
comprising at least one switch that is controlled in response to an activation signal to provide
current through an inductor. A transition mode controller is configured to provide the
activation signal based on a measure of charge derived from current through the switch and
based on the current through the inductor.
[0004] Another embodiment includes a method for regulating an output voltage. The
method includes monitoring a magnitude of a current flowing through an inductor of a
converter. A switch is activated to increase the magnitude of the current in response to the
magnitude of the current through the inductor being approximately zero. An indication of
current through the switch is integrated to derive a measure of an electric charge absorbed
from an input voltage during activation of the switch. The switch is deactivated in response
to the measure of the electric charge being greater than a charge reference.
[0005] Another embodiment includes a power converter system. The system
includes a switching converter configured to generate an output voltage based on activation

and deactivation of a switch to provide a current through an inductor. A transition mode
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controller includes an integrator configured to integrate a representation of the current
through the switch to provide a measure of an electric charge absorbed from an input voltage
of the converter. The transition mode controller can also include switching logic configured
to activate the switch in response to a zero-crossing condition of the current through the
inductor and to deactivate the switch in response to the measure of electric charge exceeding

a charge reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates an example power converter system.

[0007] FIG. 2 illustrates an example transition mode controller.

[0008] FIG. 3 illustrates an example power converter.

[0009] FIG. 4 illustrates another example power converter.

[0010] FIG. 5 illustrates yet another example power converter.

[0011] FIG. 6 illustrates an example method for regulating an output voltage.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0012] This relates generally to transition mode charge control of a power converter.
The power conversion system can include a converter and a transition mode controller. The
converter is configured to generate an output voltage and/or output current based on
activating and deactivating at least one switch to provide a current flow (e.g., through an
inductor). As an example, the converter can be configured as a flyback converter, a boost
converter, a buck converter, or any of a variety of other types of converter topologies (e.g.,
the system can be considered topology agnostic).

[0013] The transition mode controller can be configured to control a switch of the
switching converter based on an electric charge corresponding to a time integral of input
current of the converter. For example, upon activating the switch, the transition mode
controller can integrate a signal representing the input current absorbed by the converter to
provide an indication of electric charge. The electric charge can be compared with a
predetermined charge reference, such that upon the electric charge being greater than the
predetermined charge magnitude, a latch can be reset to turn off the at least one switch
through which the detected current flows. Thus, in response to the switch being deactivated,
the detected current can be turned off. The transition mode controller can monitor the

magnitude of the magnetic flux in the core of an inductor of the converter, such as to detect a
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zero-crossing of the flux. In response to detecting the zero-crossing, the transition mode
controller can set the latch to activate the switch, thereby allowing restarting the current flow
through the inductor. This control of the switch and current flow can operate to modulate the
converter as a form of hysteretic control. Accordingly, by adjusting the charge reference the
transition mode controller can control the current through the inductor to efficiently regulate
the output voltage.

[0014] FIG. 1 illustrates a block diagram of an example power conversion system 10.
The power conversion system 10 is configured to regulate an output voltage Voyr based on
an input voltage Vin. The power conversion system 10 can be implemented in a variety
applications, such as in portable electronic devices (e.g., wireless communications devices
and/or portable computer devices).

[0015] The system 10 includes a converter 12. The converter 12 can be configured as
any of a variety of switching converter topologies to regulate the magnitude of the output
voltage Vour by controlling activating and deactivating (e.g., modulating) at least one switch
14. As an example, the at least one switch 14 can be a field effect transistor that is coupled to
an inductor 16 (directly or indirectly through other circuitry) to provide a current based on
the input voltage Vix. Such current can flow through the inductor 16 of the converter 12. By
controlling the current through the inductor 16, the converter can regulate the output voltage
Vour. In this example, the current is controlled via transition mode charge control
implemented by a transition mode controller 18. This control algorithm is applicable to a
variety of switching converter topologies.

[0016] As an example, the switching converter 12 can be configured as a flyback
converter, such that the inductor 16 is a primary inductance of a transformer. As another
example, the switching converter 12 can be configured as a boost converter. As yet another
example, the switching converter 12 can be configured as a buck converter.

[0017] The transition mode controller 18 is configured to modulate the at least one
switch 14, such as by generating an activation signal ACT to control the activation and
deactivation of the switch 14 to regulate the output voltage Vour. In the example of FIG. 1,
the converter 12 provides the transition mode controller 18 with a current gy that is equal or
proportional to the current in the inductor 16 and a current zero-crossing signal 0X that is

associated with the magnetic flux in inductor 16 crossing zero. As an example, the current



WO 2012/149518 PCT/US2012/035751

Isw can correspond to a current through the switch 14 (e.g., one or more switches). The
current zero-crossing signal 0X can correspond to the current through the inductor 16 or can
be related to the current through the inductor 16. For example, the current zero-crossing
signal 0X can be derived from a voltage appearing across the inductor 16 or across a winding
coupled to the inductor 16, such that the current zero-crossing signal 0X is generated when
the voltage across the inductor 16 reverses. The transition mode controller 18 can provide
the activation signal ACT to control the activation and deactivation of the at least one switch
14 in response to the current Igw and current zero-crossing signal 0X.

[0018] The transition mode controller 18 includes an integrator 20 configured
integrate the current Isw with respect to time to provide an output corresponding to electric
charge associated with the current Isw. As an example, the integrator 20 can include a
capacitor configured to charge in response to the detected current Igw. The transition mode
controller 18 also includes switching logic 22 that is configured to provide the activation
signal ACT based on the current zero-crossing signal 0X and the electric charge in the
integrator 20 as to modulate the switch 14 accordingly.

[0019] As an example, the switching logic 22 can control the state of the activation
signal ACT to activate the at least one switch 14 to provide current flow through the inductor
16 in response to detecting a zero-crossing of the magnetic flux in the inductor 16 based on
0X. Activation of the switch 14 upon the magnetic flux crossing zero yields transition mode
operation of the converter 12, i.e. operation at the boundary between a continuous conduction
mode and a discontinuous conduction mode. As another example, the switching logic 22 can
switch the state of the activation signal ACT to deactivate the at least one switch 14 to cease
the current flow from the input source Viy in response to the electric charge being greater
than a predetermined charge reference, which can be fixed or variable. In this way, the
transition mode controller 18 can regulate the output voltage Vour based on the charge
associated with the current flow through the inductor 16.

[0020] FIG. 2 illustrates an example transition mode controller 50 in accordance with
an aspect . The controller 50 can correspond to the transition mode controller 18 in the
example of FIG. 1. Therefore, reference can be made to the example of FIG. 1 for additional
context in the following description of the example of FIG. 2.

[0021] The controller 50 includes an integrator 52 and switching logic 54, which can
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correspond respectively to the integrator 20 and the switching logic 22 in the example of
FIG. 1. In the example of FIG. 2, the integrator 52 is configured to integrate the current in
the switch 56. A current sensor 58 is configured to provide an output that is equal or
proportional to the switch current Igw. The current sensor 58 can be configured as including
any of a variety of circuit components (e.g., a proportional current generator) to divert a
current Icpg that is equal or proportional to the current Igw. For example, the current sensor
58 can have a gain that is less than one to divert the current Icpg that is less than and
proportional to the current Igw from flowing to ground. The current Icyg is provided as an
input to the integrator 52 through a diode D;. The integrator 52 can include a capacitor C;
configured to integrate the current Icpg (during conduction of the switch 56) to develop a
voltage across the capacitor C; corresponding to a charge signal Qcpug that is proportional to
the charge absorbed from the input voltage Viy through conduction of the switch 56. For
instance, the charge signal Qcug at a node 60 can be a voltage having a magnitude
proportional to the charge absorbed due to conduction of the current Isw. The magnitude of
the electric charge Qcng increases over time as the current Igw for as long as current
continues to flow in switch 56.

[0022] The switching logic 54 includes a charge comparator 62 that receives the
charge signal Qcng at a non-inverting input and receives a charge reference Qggr at an
inverting input. As described herein, the charge reference Qrgr can be a fixed predetermined
reference or it can be variable depending on the desired operation of the converter. The
charge comparator 62 provides an output CMP1 to a reset input of an SR-latch 64 based on
comparing the charge signal Qcyg relative to the charge reference Qrer. The SR-latch 64
provides the activation signal ACT at its Q output. Therefore, the charge comparator 62 thus
provides a logic-low (i.c., logic 0) at its output in response to the magnitude of the electric
charge Qcpg being greater than the charge reference Qgrgr. That is, the SR-latch 64 changes
the state of the activation signal ACT to deactivate the switch 56 in response to the
magnitude of the charge Qcng increasing greater than the charge magnitude of the
predetermined electric charge Qrer such that the switch current Igy ceases.

[0023] After the value charge signal Qcpg exceeds the value of the charge reference
Qrer, integrator 52 is reset in preparation for the next cycle. In the example of FIG. 2, the

integrator 52 can include a switch SW; arranged in parallel with the capacitor C;. The switch
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SW, can be configured as a semiconductor switch, such as any of a variety of field-effect
transistors (FETs). The switch SW, can be controlled in response to the Q’ output of the
latch, which corresponds to an inverted version of the ACT signal. The switch SW; can
operate to reset the integrator 52 in response to the signal at Q’. As an example, in response
to the magnitude of the electric charge Qcug exceeding the magnitude of the predetermined
electric charge Qgrr, (€.g., at approximately the same time as the current Isw ceases to flow),
switch SW is activated to discharge the capacitor C, to ground. Accordingly, integrator 52
is substantially reset to allow the electric charge Qcng to be monitored in a next cycle after
the switch SW is closed again to provide the inductor current Igy to the integrator 52.
[0024] In response to the deactivation of the switch 56, the magnitude of the flux in
the inductor 16 of the converter also begins to decrease as the magnetic energy stored in the
inductor 16 is discharged. The switching logic 54 includes a comparator 66 that is
configured to monitor the zero-crossing signal 0X, and thus to sense a zero-crossing of the
inductor flux. As an example, the zero-crossing signal 0X can correspond to a voltage of a
node to which the inductor 16 is coupled that reverses in polarity when the current in the
inductor 16 crosses zero.

[0025] In the example of FIG. 2, the zero-crossing signal 0X is provided to a non-
inverting input of the comparator 66 and ground is provided to an inverting input of the
comparator 66. Therefore, the zero-crossing signal 0X can be compared by the comparator
66 with ground to detect a zero-crossing of the inductor current Igw. It is to be understood
that one or both of the inputs of the comparator 66 can be provided with an offset voltage.
The comparator 66 has an output that is coupled to the set input of the SR-latch 64. Thus,
when the magnitude of the zero-crossing signal 0X is approximately equal to zero, the
comparator 66 changes the state of the activation signal ACT to activate the switch 56. As a
result, the switch current Igw begins to increase again and the current is detected and
integrated by the integrator 52 to provide the corresponding charge signal Qcpg to the
comparator 62. Accordingly, the activation/deactivation cycle repeats to modulate the switch
56 to according to efficiently regulate the output voltage Vour.

[0026] Based on the operation of the transition mode controller 50, the power
conversion system 10 in the example of FIG. 1 can self-oscillate with respect to activation

and deactivation of the switch 56 at a frequency that is determined by the magnitude of the
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input voltage Vi, the inductance of the inductor 16, and the magnitude of the charge
reference Qrpr. During operation of the power conversion system 10, the current Igw can
have an average that is proportional to a product of the predetermined electric charge Qrgr
and the switching frequency associated with the activation/deactivation of the switch 56.
Furthermore, while the magnitude of the charge reference Qrgr is described as being static, it
is to be understood that the magnitude of the electric charge reference Qrrr can be dynamic,
such that it can be adjusted to (e.g., based on a feedback loop or other programming
mechanisms) to adjust a regulated output voltage Vour or an associated output current.
[0027] The transition mode controller 50 is not limited to the configuration of FIG. 2.
For example, the switching logic 54 is not limited to the use of the charge comparator 62, the
SR-latch 64, and the comparator 66, but could instead include any of a variety of
combinational logic, switches, and/or interconnections to alternately activate and deactivate
the switch 56 to regulate the output voltage based on the integrating the inductor current Igw.
Therefore, the transition mode controller 50 can be configured in any of a variety of ways.
[0028] FIG. 3 illustrates an example switching converter 100. The converter 100 can
correspond to the switching converter 12 in the example of FIG. 1, such that the switching
converter 100 can be part of the power conversion system 10 in the example of FIG. 1 along
with the transition mode controller 18. The converter 100 is demonstrated in the example of
FIG. 3 as a flyback converter. It is to be understood that the converter 100 is demonstrated as
one example configuration of a flyback converter, and that other configurations of flyback
converters are possible for use in the power conversion system 10 in the example of FIG. 1.
[0029] The switching converter 100 includes a transformer 102. The transformer 102
includes a primary winding Lp; and a secondary winding Lg;. The magnetizing inductance of
the primary winding Lp; can correspond to the inductor 16 in the example of FIG. 1. The
switching converter 100 also includes a switch 104, demonstrated as SW, in the example of
FIG. 3, which can thus correspond to the switch 14 in the example of FIG 1 and the switch
56 in the example of FIG. 2. Thus, in response to the activation signal ACT, the switch 104
is activated to provide inductor current to flow through the primary winding Lp; from the
input voltage Vin. During activation of the switch 104, the inductor current flows though the
switch and to a transition mode controller (e.g., the transition mode controller 18 in the

example of FIG. 1 or the transition mode controller 50 in the example of FIG. 2).
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Furthermore, the switching converter 100 can include a pair of resistors R; and R, arranged
as a voltage divider that is coupled to a tertiary winding Lg; of the transformer 102, and are
thus magnetically coupled to the windings Lp; and Lp,. Thus, the pair of resistors R; and R,
can be configured to derive the zero-crossing signal 0X from the voltage appearing across the
tertiary winding Lg; to the associated transition mode controller. Accordingly, the associated
transition mode controller can control the activation and the deactivation of the switch 104
via the activation signal ACT, such as described above in the example of FIG. 2.

[0030] As a further example, the switching converter 100 also includes a diode D,
having an anode coupled to the secondary winding Lg; and separating the secondary winding
Lg; from an output node 106 having the output voltage Vour. The switching converter 100
also includes a load, demonstrated as a resistor Ry, in the example of FIG. 3, and an output
capacitor Cr, coupled in parallel between the output node 106 and ground. In response to the
flow of the inductor current Isw through the primary winding Lp;, magnetic energy is stored
in the core of the transformer 102. While the switch 104 is closed, the diode D, is reverse-
biased and the output voltage Vour is thus maintained by the output capacitor Cy, discharging
through the load Ry.

[0031] Upon the opening of the switch 104 via the activation signal ACT, the
current transfers from the primary winding Lp; to the secondary winding Lsland the
magnetic energy stored in the core of the transformer 102 discharges through the diode D, to
the capacitor Cyr, and the load Ry. As a result, a current Isgc recharges the output capacitor Cr,
to maintain the output voltage Vour. Accordingly, the periodic activation of the switch 104
by a respective transition mode controller based on an electric charge associated with the
inductor current can be utilized to efficiently regulate the output voltage Vour.

[0032] FIG. 4 illustrates another example switching converter 150. The converter 150
can correspond to the switching converter 12 in the example of FIG. 1, such that the
converter 150 can be part of the power conversion system 10 in the example of FIG. 1 along
with the transition mode controller 18. The converter 150 is demonstrated in the example of
FIG. 4 as a boost converter. It is to be understood that the switching converter 150 is
demonstrated as one example configuration of a boost converter, and that other
configurations of boost converters are possible for use in the power conversion system 10 in

the example of FIG. 1.
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[0033] The switching converter 150 includes an inductor 152 that interconnects the
input voltage Vix and a node 154. The inductor 152 includes a primary winding Lp; and a
secondary winding Lg;. The magnetizing inductance of the primary winding Lp; can
correspond to the inductor 16 in the example of FIG. 1. The converter 150 also includes a
switch 156, demonstrated as SW; in the example of FIG. 4, which is coupled to a node of the
inductor 152 and can thus correspond to the switch 14 in the example of FIG 1 and the switch
56 in the example of FIG. 2. Thus, in response to the activation signal ACT generated by a
transition mode controller (e.g., the transition mode controller 18 in the example of FIG. 1 or
the transition mode controller 50 in the example of FIG. 2), the switch 156 is activated to
apply the input voltage Vv across inductor 152. Furthermore, the switching converter 150
includes a pair of resistors R; and R, arranged as a voltage divider that is coupled to a
secondary winding Lg, of the transformer 102, and are thus magnetically coupled to the
primary winding Lp;. Since the voltage across secondary winding Ls reverses polarity when
the current in the primary winding Lp; crosses zero, the voltage divider provides the zero-
crossing signal 0X to the associated transition mode controller. Accordingly, the associated
transition mode controller can control the activation and the deactivation of the switch 156
via the activation signal ACT, such as described above in the example of FIG. 2.

[0034] The switching converter 150 also includes a diode D, having an anode
coupled to the inductor 152 and which separates the primary winding Lp; from an output
node 158 having the output voltage Vour. The converter 150 also includes a load,
demonstrated as a resistor Ry in the example of FIG. 4, and an output capacitor Cp coupled in
parallel between the output node 158 and ground. In response to the activation of the switch
156, the input voltage Vv is applied across the primary winding Lp; and the magnetic energy
stored in the primary winding Lp; increases. The output voltage Vour is thus maintained
based on the output capacitor Cy, discharging through the load R;..

[0035] Upon the opening of the switch 156 via the activation signal ACT, the
inductor current transfers from the switch 156 to the diode D,, and thus magnetic energy
stored in the core of the inductor 152 discharges to the output node 158, recharging the
output capacitor Cr, and providing current to the load Ry, to maintain the output voltage Vour.
Accordingly, the activation/deactivation of the switch 156 by a respective transition mode

controller based on an electric charge associated with the inductor current Igw can efficiently
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regulate the output voltage Vour.

[0036] FIG. 5 illustrates yet another example switching converter 200. The switching
converter 200 can correspond to the converter 12 in the example of FIG. 1, such that the
converter 200 can be part of the power conversion system 10 in the example of FIG. 1 along
with the transition mode controller 18. The converter 200 is demonstrated in the example of
FIG. 5 as a buck converter. It is to be understood that the converter 200 is demonstrated as
one example configuration of a buck converter, and that other configurations of buck
converters are possible for use in the power conversion system 10 in the example of FIG. 1.
[0037] The switching converter 200 includes an inductor 202 that interconnects a
node 204 and an output node 206. The inductor 202 includes a primary winding Lp; and a
secondary winding Lg;. The magnetizing inductance of the primary winding Lp; can
correspond to the inductor 16 in the example of FIG. 1. The switching converter 200 also
includes a switch 208, demonstrated as SW; in the example of FIG. 5, which is coupled to
the input voltage Vix and can thus correspond to the switch 14 in the example of FIG 1 and
the switch 56 in the example of FIG. 2. Furthermore, the switching converter 200 can
include a current sense element 210, such as the current sense element 58 in the integrator 52
of the example of FIG. 2, which is arranged in series between the switch 208 and the output
node 206. The current sense element 210 thus provides the current Icpg which is
proportional to the current through the switch 208. The switching converter 200 also
includes a diode D; having a cathode coupled to the node 204 and which separates the node
204 from ground. The switching converter 200 further includes a load and a filter capacitor,
demonstrated as a resistor Ry, and a capacitor Cy, respectively, in the example of FIG. 5,
coupled between the output node 206 and ground.

[0038] Thus, in response to the activation signal ACT, the switch 208 is activated and
current begins flowing in the primary winding Lp; from the input voltage Viy. Thus, the
current signal Icng increases accordingly. The current through the primary winding Lyp;
recharges the output capacitor Cr, and provides current flow through the load Ry, to maintain
the output voltage Vour. Upon the opening of the switch 208 via the activation signal ACT,
the magnetic energy that is stored in the primary winding Lp; begins to discharge. The
current through the primary winding Lp; continues to flow into the capacitor Cy, and the load

Ry, thus maintaining the output voltage Vour.
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[0039] In the example of FIG. 5, the current Icug can be provided to a transition
mode controller (e.g., the transition mode controller 18 in the example of FIG. 1 or the
transition mode controller 50 in the example of FIG. 2). Furthermore, the switching
controller 200 includes a pair of resistors R; and R, that are magnetically coupled to the
primary winding Lp; via a secondary winding Lg; and are arranged as a voltage divider.
Thus, the pair of resistors R; and R, can be configured to provide the zero-crossing signal 0X
as a voltage associated with the inductor current and provided the associated transition mode
controller that reverses when the inductor current crosses zero. Accordingly, the associated
transition mode controller can control the activation and the deactivation of the switch 208
via the activation signal ACT, such as described above in the example of FIG. 2. As a result,
the activation/deactivation of the switch 208 by a respective transition mode controller based
on an electric charge associated with the inductor current Igw can efficiently regulate the
output voltage Vour.

[0040] FIG. 6 illustrates an example method 250 for regulating an output voltage in
accordance with an aspect . The output voltage can be provided from a power conversion
system, such as including a flyback, buck, or boost switching converter. At 252, the
magnitude of the flux in an inductor is monitored. The monitoring of the flux can be
accomplished by sensing the current in an inductor winding by using a current sense element
of appropriate gain or by monitoring the voltage across an inductor winding. At 254, a
switch is activated to cause current to flow through the inductor in response to the magnitude
of the flux being approximately zero. The determination of inductor flux crossing zero can
be made by a comparator that detects when the current in the inductor crosses zero or a
comparator that that detects when the voltage across a winding of the inductor reverses
polarity, thus setting a latch that activates the switch.

[0041] At 256, an indication of current through the switch is integrated to provide a
measure of an electric charge. A signal proportional to the electric charge can be generated
by charging a capacitor with the signal indicative of the inductor current, the voltage
developing across a capacitor representing a measure of the charge absorbed from the input
voltage source through the switch. At 258, the switch is deactivated in response to the
measure of the electric charge being greater than a charge reference, which can be fixed or be

variable. Following the deactivation of the switch, the integrating circuit is reset to zero in

11
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preparation for the next cycle where the method returns to 252 to repeat. In this way, the
activation/deactivation cycle repeats to modulate the switch to efficiently regulate the output
voltage.

[0042] Those skilled in the art to which the invention relates will appreciate that
modifications may be made to the described example embodiments, and also that many other

embodiments are possible, without departing from the scope of the claimed invention.
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CLAIMS

What is claimed is:

1. A power converter system comprising:

a converter configured to convert an input voltage to an output voltage, the converter
including a switch that is controlled to provide current through an inductor in response to an
activation signal; and

a transition mode controller configured to provide the activation signal based on a
measure of charge derived from current through the switch and based on the current through

the inductor.

2. The system of claim 1, wherein the transition mode controller comprises:

an integrator configured to integrate the current through the switch to derive the
measure of charge; and

switching logic configured to deactivate the switch in response to the measure of

charge being greater than a charge reference.

3. The system of claim 2, wherein the switching logic is further configured to activate
the switch in response to the magnitude of the current through the inductor being

approximately zero or the magnetic flux in the inductor being approximately zero.

4. The system of claim 2, wherein the switching logic comprises:

a first comparator configured to detect a zero-crossing condition for the current
through or the flux in the inductor;

a charge comparator configured to compare the measure of charge with the charge
reference; and

a latch configured to activate the switch in response to detecting the zero-crossing

condition and to deactivate the switch in response to the measure of charge being greater than
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the charge reference.

5. The system of claim 4, wherein the predetermined charge reference comprises a

variable reference.

6. The system of claim 2, wherein the integrator comprises:

a capacitor configured to be charged in response to the flow of the current through the
switch; and

a switch that is activated to discharge the capacitor substantially concurrently with the

deactivation of the switch for resetting the integrator for a next control cycle.

7. The system of claim 1, wherein the switching converter is configured as a flyback
converter comprising a transformer, the inductor being configured as a primary inductance

associated with the transformer.

8. The system of claim 1, wherein the switching converter is configured as a buck

converter or as a boost converter.

9. A method for regulating an output voltage, the method comprising:

monitoring a magnitude of a current flowing through an inductor of a converter;
activating a switch to increase the magnitude of the current in response to the magnitude of
the current through the inductor being approximately zero;

integrating an indication of current through the switch to derive a measure of an
electric charge absorbed from an input voltage during activation of the switch; and

deactivating the switch in response to the measure of the electric charge being greater

than a charge reference.

10.  The method of claim 9, wherein integrating the current comprises charging a
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capacitor in response to the current flowing through the switch, the method further
comprising comparing voltage across the capacitor to a voltage representing the charge

reference to determine if the electric charge absorbed exceeds the charge reference.

11.  The method of claim 10, further comprising discharging the capacitor substantially

concurrently with deactivating the switch to reset the integrating.

12.  The method of claim 10, further comprising resetting a latch based on the electric

charge absorbed exceeding the charge reference such that the switch is deactivated.

13.  The method of claim 9, wherein monitoring the magnitude of the current flowing
through the inductor comprises comparing a magnitude of a voltage appearing on a winding
of the inductor with a reference to determine a zero crossing condition for the current through

the inductor.

14.  The method of claim 13, wherein activating the switch occurs in response to setting a
latch to activate the switch based on to the magnitude of the voltage being approximately

equal to zero to indicate the zero crossing condition for the current through the inductor.

15. The method of claim 9, wherein monitoring the magnitude of the current comprises
monitoring the magnitude of the current flowing through a primary inductance of a

transformer in a flyback switching converter.

16. A power converter system comprising:

a switching converter configured to generate an output voltage based on activation
and deactivation of a switch to provide a current through an inductor; and

a transition mode controller comprising:

an integrator configured to integrate a representation of the current through the switch
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to provide a measure of an electric charge absorbed from an input voltage of the converter;
and

switching logic configured to activate the switch in response to a zero-crossing
condition of the current through the inductor and to deactivate the switch in response to the

measure of electric charge exceeding a charge reference.

17.  The system of claim 16, wherein the switching logic comprises:

a first comparator configured to monitor the zero-crossing condition associated with
the current through or flux in the inductor;

a charge comparator configured to compare the measure of electric charge with the
predetermined charge reference; and

a latch configured to activate the switch in response to the zero-crossing condition
and to deactivate the switch in response to the measure of electric charge being greater than

the predetermined charge reference.
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