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(57) Abstract: A method of driving a power stage configured to provide both positive output voltage higher than a first potential to a
positive output and negative output voltage to a negative output, the method comprising: - generating a first control signal; - generat -
ing a second control signal; - operating, the first control signal so as to initiate a charging phase, such that a first duty cycle of the
first control signal is controlling an amount of energy to be accumulated; - operating, simultaneously, at the control signals so as to
initiate an independent discharging phase of the accumulated energy, in a boost-type to the positive output or in a buck-type or
boost-type to the negative output, such that a second and third duty cycles of the second an third control signals are controlling an
amount of energy to be discharged.



WO 2014/056971 PCT/EP2013/071023

Description
INDEPENDENT OUTPUT CONTROL FOR SINGLE-INDUCTOR, BIPOLAR

OUTPUTS, BUCK-BOOST CONVERTERS

Technical Field

[0001]

The proposed solution relates generally to Single Inductor Bipolar Output
(SIBO) converters, and more especially to a method and an apparatus for

controlling operation of such converters.

Background Art

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

[0008]

Portable devices such as smartphones, tablets, console games or e-book
readers, usually utilise multiple supply voltages to power up different
internal modules.

Some applications require bipolar power supplies with different regulated
voltages, meaning that both positive voltage and negative voltage are
needed.

Audio module and display panel are some of examples compliant with the
foregoing.

For instance, Active Matrix Organic Light Emitting Diodes (AMOLED)
display panel, which is a good candidate for portable devices due to its
high display quality (i.e. brightness, contrast, vividness and wide viewing
angle) and low power consumption requires the supply of both a positive
voltage of 4.6 V and a negative voltage ranging from -1.5Vto -7 V to
operate properly.

A power converter such as a Single Inductor Bipolar Output (SIBO)
converter may be used to provide such positive and a negative power
supply.

A converter is proposed in document (1): TEXAS INSTRUMENTS,
TPS65136. Single Inductor Multiple Output Regulator for AMOLED.
http://www .ti.com/lit/ds/symlink/tps65136.pdf (849 KB). 07 Jul 2008.
However, the converter of document (1) is not able to operate properly
with stability if the load current asymmetry between the negative output
current and the positive output current is greater than 30%, meaning that

the difference in current at each output needs to stay in close range.
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[0009]

[0010]

To summarize, the control of a SIBO- Boost converter adapted to generate
required positive output voltage and negative output voltage is not
adequately addressed by known techniques.

A possible controller that might be used to solve the above problem is
described in document (2) W0O2012/032176 wherein it is disclosed a
power stage that might be adapted to output a positive output voltage and
a negative output voltage. While working satisfactorily, the solution
described in document (2) may still be improved to better meet the ever

increasing requirements of wireless applications.

Summary of invention

[0011]

[0012]

[0013]

As the input voltage (i.e. for instance the battery voltage) is most of the
time lower than 4.5V, it can be considered that the positive output voltage
would, most of the time, be higher than the input voltage.

Thus, only a Boost-type configuration of the SIBOBB is required for
delivering the positive output voltage and Buck-Boost-type configuration of
the SIBOBB is required for delivering the negative output voltage.

A first aspect of the proposed solution relates to a method of driving a
Single Inductor Bipolar Output Buck-Boost, SIBOBB, clocked by a clock
signal having a given clock cycle period, the SIBOBB comprising an input
for receiving a first potential, at least four power switches, and at least one
positive output adapted to output a positive output voltage substantially
higher than the first potential and at least one negative output adapted to
output a negative output voltage. The method comprising the following
steps performed during the clock cycle period: generating a first control
signal based on, at least, the positive output voltage and a positive
reference voltage; generating a second control signal based on, at least,
the negative output voltage and a negative reference voltage; initiating a
charging phase of charging the SIBOBB, based on a monitoring of the first
control signal, during which an amount of energy to be accumulated by the
SIBOBB is controlled by a first duty cycle of the first control signal,
initiating a first discharging phase of discharging the energy accumulated
in the SIBOBB to at least one of the positive output in a boost-type
configuration of the SIBOBB and the negative output in a buck-type or
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[0014]

[0015]

boost-type configuration of the SIBOBB, based on a simultaneous
monitoring of the first control signal and the second control signal, during
which first discharging phase, an amount of energy to be discharged by
the SIBOBB is controlled by a second duty cycle of the second control
signal; and, wherein, the charging phase is initiated before the first
discharging phase.

A second aspect relates to an apparatus for driving a Single Inductor
Bipolar Output Buck-Boost, SIBOBB, clocked by a clock signal having a
given clock cycle period, the SIBOBB comprising an input for receiving a
first potential and at least four power switches and at least one positive
output adapted to output a positive output voltage substantially higher than
the first potential and at least one negative output adapted to output a
negative output voltage, the apparatus comprising:

- means for generating a first control signal configured to be based on, at
least, the negative output voltage and a negative reference voltage;

- means for generating a second control signal configured to be based on,
at least, the positive output voltage and a positive reference voltage;

- means for initiating a charging phase of the SIBOBB, configured to be
based on a monitoring of the first control signal, during which an amount of
energy to be accumulated by the SIBOBB is controlled by a first duty cycle
of the first control signal;

- means for initiating a first discharging phase of discharging the energy
accumulated in the SIBOBB to at least one of the positive output in a
boost-type configuration of the SIBOBB and the negative output in a buck-
type or boost-type configuration of the SIBOBB, configured to be based on
a simultaneous monitoring of the first control signal and the second control
signal, during which first discharging phase, an amount of energy to be
discharged by the SIBOBB is controlled by a second duty cycle of the
second control signal; and,

wherein, means for initiating the charging phase are activated before the
activation of means for initiating the first discharging phase.

A third aspect relates to a display integrated circuit comprising:

- a display panel,
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[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

- a Single Inductor Bipolar Output Buck-Boost converter (SIBOBB);

- a processor; and,

- an apparatus as defined in the second aspect of the proposed solution,
wherein the display panel and the apparatus are controlled by the
processor, the display panel is powered by the SIBOBB and the SIBOBB
is controlled by the apparatus.

A fourth aspect relates to wireless device comprising the display integrated
circuit as defined in third aspect of the proposed solution.

Examples of such wireless devices comprising AMOLED display panels
include, for instance, portable phones, smartphones, tablets, console
games, e-book readers, portable audio and/or video players, etc.

Thus in a wireless device embodying the principles of such mechanism,
weaknesses of prior art regarding SIBOBB regulation in order to enable
independent boost-type conversion for the positive output and buck-type
or boost-type conversion for the negative output during a clock cycle are
overcome.

Also, with the proposed solution, full load current asymmetry between the
negative output current and the positive output current may be supported
with a single charge of the inductor of the SIBOBB.

In other words, embodiments offer proper solutions for cases as presented
in the introduction.

In one embodiment, generating the first control signal is further based on
the negative output voltage and generating the second control signal is
further based on the positive output voltage.

In another embodiment, there is further provided the generating a third
control signal based on, at least, the first control signal and the second
control signal; initiating a second discharging phase of discharging the
energy accumulated in the SIBOBB to the positive output in a boost-type
configuration of the SIBOBB and to the negative output in a buck-type or
boost-type configuration of the SIBOBB simultaneously, based on a
monitoring of the first control signal, the second control signal and the third
control signal simultaneously, during which second discharging phase, an

amount of energy to be discharged by the SIBOBB is controlled by a
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[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

second duty cycle of the second control signal and a third duty cycle of the
third control signal; and, wherein, the charging phase is initiated before the
second discharging phase.

In one other embodiment, the first discharging phase comprises
discharging the accumulated energy in both the positive output and the
negative output sequentially, the discharging of the accumulated energy to
the positive output being initiated before the discharging of the
accumulated energy to the negative output.

In yet another embodiment, the first discharging phase comprises
discharging the accumulated energy in both the positive output and the
negative output sequentially, the discharging of the accumulated energy to
the positive output being initiated after the discharging of the accumulated
energy to the positive output.

In still another embodiment, wherein the second discharging phase
comprises discharging the accumulated energy in both the positive output
and the negative output simultaneously, and wherein initiating the second
discharging phase is performed before the first discharging phase.

In yet another embodiment, the second discharging phase comprises
discharging the accumulated energy in both the positive output and the
negative output simultaneously, and wherein initiating the second
discharging phase is performed after the first discharging phase.

If desired, the first, second and third control signals are generated by a
Pulse Width Modulation, PWM, modulator based on respective
comparison signals, wherein at least some of the comparison signals are
saw-tooth signals or triangular signals.

In one embodiment, generating the first control signal is performed by
inputting into the PWM modulator, the first comparison signal and a first
error signal proportional to the voltage difference between the positive
output voltage and the positive reference voltage.

In another embodiment, generating the second control signal is performed
by inputting into the PWM modulator, the second comparison signal and a
second error signal proportional to the voltage difference between the

negative output voltage and the negative reference voltage.
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[0030]

[0031]

[0032]

In yet another embodiment, generating the first control signal is performed
by inputting into the PWM modulator, the first comparison signal and a first
error signal corresponding to a voltage difference between a sum
reference voltage and a voltage sum of positive output voltage and
negative output voltage.

In still another embodiment, generating the second control signal is
performed by inputting into the PWM modulator, the second comparison
signal and a second error signal corresponding to a voltage difference
between a difference reference voltage and a voltage difference between
positive output voltage and the negative output voltage.

In yet another embodiment, generating the third control signal is performed
by inputting into the PWM modulator, a third error signal corresponding to
a voltage difference between the first error signal and the second error

signal.

Brief description of drawings

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

A more complete understanding of the proposed solution may be obtained
from a consideration of the following description in conjunction with the
drawings, in which like reference numbers indicate the same or similar
element, in FIG. 1 and FIGs. 6 to 14 in a first place and in FIGs. 2to 5in a
second place and in which:

FIG. 1 is a block diagram illustrating an embodiment of a SIBO -Boost
converter.

FIG. 2 is a schematic diagram representing a controlled switch according
to one embodiment, included in a section of an electrical circuit of a power
stage.

FIG.3 is a schematic diagram representing a controlled switch according to
another embodiment, included in another section of the electrical circuit.
FIG. 4 is a block diagram of an electrical circuit of a power stage according
to one embodiment.

FIG. 5 is a schematic diagram of a power supply according to one
embodiment.

FIG. 6 is a block diagram illustrating an embodiment of the proposed

solution.
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[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

FIG. 7A is a block diagram illustrating an embodiment of a phase of a
conduction cycle according to the proposed solution.

FIG. 7B is a block diagram illustrating an embodiment of another phase of
a conduction cycle according to the proposed solution.

FIG. 7C is a block diagram illustrating an embodiment of yet another
phase of a conduction cycle according to the proposed solution.

FIG. 7D is a block diagram illustrating an embodiment of still another
phase of a conduction cycle according to the proposed solution.

FIG. 8 is a block diagram illustrating an embodiment of a controller
according to the proposed solution.

FIG. 9 is a block diagram illustrating another embodiment of a controller
according to the proposed solution.

FIG. 10 is a table illustrating a truth table of a conduction cycle according
to the proposed solution.

FIG. 11 is a diagram illustrating an embodiment a conduction cycle
according to the proposed solution.

FIG. 12 is a diagram illustrating another embodiment a conduction cycle
according to the proposed solution.

FIG. 13 is a flow diagram illustrating an embodiment of the proposed
solution.

FIG. 14 is a block diagram illustrating yet another embodiment of a

controller according to the proposed solution.

Description of embodiments

[0052]

[0053]

[0054]

FIG. 1 is a block diagram illustrating an embodiment of a SIBOBB 1000,
wherein SIBOBB 1000 is clocked by a clock signal (not shown) having a
clock cycle period and comprising four power switches 101, 102, 103, 104,
one power inductor 106 and two capacitors 107, 108.

SIBOBB 1000 is adapted to supply a positive output voltage Vros and a
negative output voltage Vneg from an input voltage Vear.

VRer corresponds to a reference potential common to the entire SIBOBB
1000, commonly referred to as the ground with a value generally equal to

0 volts.
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[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

A possible embodiment of SIBOBB 1000 is described, for instance, as a
power stage in document (2) W0O2012/032176.

For the sake of clarity and completeness, it appears necessary to present
the structure of the power stage of document (2) WO2012/032176 since
essential elements therein might be manipulated to achieve the above
objectives.

Therefore, FIGs. 2 to 5 will be used to describe such power stage, and
then, starting from the description of FIG. 6, the proposed solution to the
above problem will be presented.

One embodiment of a controlled switch 20, included in a section of an
electrical circuit 5 of FIG. 4of a power stage, is diagrammatically
represented in FIG. 2. The switch 20 comprises a first coupling node 30
and a second coupling node 40. The switch 20 also comprises at least a
first control input 50 and a second control input 60. The switch 20 is
adapted to open or close an electrical circuit between the first coupling
node 30 and the second coupling node 40, as a function of the control
voltages received on the first input 50 and the second input 60. In the
example in FIG. 2, the first coupling point 30 is coupled to a node D of the
circuit 5, and the second coupling point 40 to a node S of the circuit 5. The
voltage at the node S is equal to a voltage Vnea.

The switch 20 comprises cascode connected first transistor 21 and second
transistor 22. The first and second transistors 21 and 22 may be metal-
oxide-semiconductor (MOS) transistors, each comprising a gate, a drain,
and a source. In the example in FIG. 2, the first and second transistors are
N-channel MOS transistors, more commonly referred to as NMOS
transistors.

The first transistor 21 is conducting, meaning that it allows current to pass
between its drain and its source, when the difference in potential Vas
between its gate and its source is greater than a first threshold V1H1.
Otherwise, meaning if Vas < V1h1, the first transistor 21 is blocked, that is
to say non-conducting. The second transistor 22 is conducting, meaning
that it allows current to pass between its drain and its source, when the

difference in potential Vgs between its gate and its source is greater than a
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[0061]

[0062]

[0063]

[0064]

[0065]

second threshold VtH2. Otherwise, meaning if Vgs < VTH2, the second
transistor 22 is non-conducting.

The first transistor 21 is placed in the switch 20 so that its gate is coupled
to the first input 50, its drain is coupled to the first coupling node 30, and
its source is coupled to the drain of the second transistor 22. The second
transistor 22 is placed in the switch 20 so that its gate is coupled to the
second input 60, its drain to the source of the first transistor 21, and its
source to the second coupling node 40.

The switch 20 is adapted to be controlled by a first control voltage T+
received on the first input 50, and by a second control voltage T received
on the second input 60. The value V1 of the first control voltage T+ is less
than that of the voltage Veat and greater than that of the voltage Vnec. The
value V1 of the first control voltage T+1 is substantially constant.

The second control voltage T2 can substantially assume two values:

- a first value V21 which is substantially equal to the value V1 of the first
control voltage T+

- a second value V22 which is less than the value V4 of the first control
voltage T1 and equal to that of the voltage Vnea.

The second transistor 22 is configured in the circuit so as to be:

- conducting when the second control voltage has a value substantially
equal to the first value V21; and,

- non-conducting when the second control voltage has a value
substantially equal to the second value Va2

To close the switch 20, and therefore allow current to flow between the
first and second coupling nodes, the control voltage T2 is applied to the
second input 60 while ensuring that the value of said control voltage is
equal to the value V21. The difference in potential Ves between the gate
and the source of the second transistor 22 is then equal to the difference
between the value V1and the value of the voltage Vneg, and this difference
in potential Vs is greater than the threshold VrH2. Conversely, in order to
open the switch 20 and therefore prevent current from flowing between the
first and second coupling nodes, the control voltage T2 is applied to the

second input 60 while ensuring that the value of said control voltage is
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[0066]

[0067]

[0068]

10

equal to the value V2. Whether the switch 20 is closed or open, the value
of the first control voltage T+ is maintained at the value V4. The difference
in potential Vgs between the gate and the source of the second transistor
22 is then substantially zero and less than the threshold Vtha.

In one embodiment, the circuit 5 is used to supply a positive voltage Vros
and a negative voltage Vneg, from the voltage Veat. The switch 20 is then
coupled to the circuit so that the first input 50 receives the reference
voltage Vrer, and the second input 60 receives either the reference
voltage Vrer or the negative voltage Vneg, depending on whether the
switch is to be closed or open.

As a non-limiting example, the voltage Veat is supplied by a battery, at a
value substantially equal to 4.8V. The positive voltage Vros and the
negative voltage Vneg can be symmetrical voltages or dissymmetrical
voltages possibly comprised in a range of [1.5V; 4.8V] and [-1.5V; -4.8V]
respectively. The values V1 and V21 are equal to the reference voltage
VRer, which is OV, The value V22 is equal to the negative voltage Vnea,
which is possibly comprised in the range [-1.5V; -4.8V]. When the switch
20 is open, the difference in potential between the first and second
coupling nodes is therefore substantially equal to 9.6V. The voltage Vas
between the gate and the source of the first transistor 21 is then zero,
because the current between the first and second coupling nodes is zero.
As a result, the voltage at the drain of the second transistor 22 is equal to
V1, which is QV. The first and second transistors can therefore be designed
and manufactured to support a maximum difference in potential of only
4.8V.

A controlled switch 100 according to another embodiment, and which may
be included in a section of the electrical circuit 5, is represented in FIG. 3.
The switch 100 comprises a first coupling node 130 and a second coupling
node 140. The switch 100 also comprises at least a first control input 150
and a second control input 160. The switch 100 is adapted to open or
close an electrical circuit between the first coupling node 130 and the
second coupling node 140, as a function of the control voltages received

in particular on the first input 150 and the second input 160. In the
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[0069]

[0070]

[0071]

[0072]

[0073]

11

example in FIG. 3, the first coupling point 130 is coupled to the node D,
and the second coupling point 140 to the node T. The voltage at the node
T is equal to the voltage Vegar.

The switch 100 as shown comprises cascode connected first transistor
110 and a second transistor 120. The first and second transistors are
typically metal-oxide-semiconductor transistors, more commonly referred
to as MOS transistors, each comprising a gate, a drain, and a source.
More particularly, in the example in FIG. 3, the first and second transistors
are P-channel MOS transistors or PMOS transistors.

The first transistor 110 is conducting, meaning that it allows current to
pass between its drain and its source, when the difference in potential Vas
between its gate and its source is less than a threshold Vrhs. Otherwise,
meaning if Vas > VT3, the first transistor 110 is non-conducting. The
second transistor 120 is conducting, meaning it allows current to pass
between its drain and its source, when the difference in potential Vas
between its gate and its source is less than a threshold Vrhs. Otherwise,
meaning if Vas > V1H4, the second transistor 120 is non-conducting.

The first transistor 110 is placed in the switch 100 so that its gate is
coupled to the first input 150, its drain to the first coupling node 130, and
its source to the drain of the second transistor 120. The second transistor
120 is placed in the switch 100 so that its gate is coupled to the second
input 160, its drain to the source of the first transistor 110, and its source
to the second coupling node 140.

The switch 100 is adapted to be controlled by a first control voltage T3
received on the first input 150, and by a second control voltage T4
received on the second input 160. The value V3 of the first control voltage
Tz is less than that of the voltage Veat and greater than that of the voltage
Vneg. The value V3 of the first control voltage T3 is substantially constant.
The second control voltage T4 can substantially assume two values:

- a first value V41 which is substantially equal to the value V3 of the first
control voltage T3,

- a second value V42 which is greater than the value V3 of the first control

voltage T3z and equal to that of the voltage Vaart.
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The second transistor 120 is configured in the circuit to be:

- conducting when the second control voltage has a value substantially
equal to the first value Va1,

- non-conducting when the second control voltage has a value
substantially equal to the second value Vao.

Thus, to close the switch 100 and therefore allow current to flow between
the first and second coupling nodes, it is sufficient to apply the control
voltage T4 to the second input 160 while ensuring that the value of said
control voltage is equal to the value Va441. The difference in potential Vgs
between the gate and the source of the second transistor is then equal to
the difference between the value V3 and the voltage VeaT, and this
difference in potential Vgs is less than the threshold Vtrs. Otherwise, to
open the switch 100 and therefore prevent current from flowing between
the first and the second coupling node, the control voltage T4 is applied to
the second input 160 while ensuring that the value of said control voltage
is equal to the value V4. The difference in potential Ves between the gate
and the source of the second transistor is then substantially zero and
greater than the threshold Vths. Whether the switch 20 is open or closed,
the value of the first control voltage Ts is maintained at the value Va1.

In one embodiment, the circuit 5 is used to supply the positive voltage
Vpros and the negative voltage Vneg, from the voltage Veat. The switch 100
is then coupled to the circuit so that the first input 150 is coupled to the
reference potential of the circuit 45, and the second input 160 is coupled
either to the voltage Veat or to the reference potential of the circuit 5,
depending on whether the switch is to be closed or open.

As a non-limiting example, the voltage Vear is for example supplied by a
battery, and has a value substantially equal to 4.8V. The values V3 and Va4
are equal to that of the reference potential, which is OV. The value Va2 is
equal to that of the voltage Vgar, which is 4.8V. The maximum potential
difference between the first and the second coupling node is therefore
substantially equal to 4.8V. When the switch 100 is open, the voltage Vas
between the gate and the source of the first transistor is also zero,

because the current between the first and second coupling node is zero.
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As a result, the value of the voltage at the drain of the second transistor
120 is equal to the value V3, which is OV. The first and second transistor
can therefore be manufactured to support a maximum potential difference
of only 4.8V, when the node D is at the negative voltage Vnea.

The switch 300 is a transistor which is typically a metal-oxide-
semiconductor transistor, more commonly referred to as MOS, comprising
a gate, a drain, a source, and a body diode. In the example in FIG 5, the
transistor 300 is a N-channel MOS transistor, or NMOS transistor.

The switch 300 is arranged so that its gate is coupled to the first input 350,
its drain to the first coupling node 330, its source to the second coupling
node 340, and the anode of the body diode to the first coupling node 330.
The switch 300 is adapted to be controlled by a first control voltage T~
received on the first input 350. To open the switch 300, so that no current
can flow, the value V7 of the first control voltage Tz is equal to that of the
reference voltage Vrer. To close the switch 300, so that current can flow,
the value V7 of the first control voltage T7 is equal to that of the input
voltage Vegar.

The switch 400 is a transistor which is typically a metal-oxide-
semiconductor transistor, more commonly referred to as MOS, comprising
a gate, a drain, a source, and a body diode. In the example in FIG 5, the
transistor 400 is a P-channel MOS transistor, or PMOS transistor.

The switch 400 is arranged so that its gate is coupled to the first input 450,
its drain to the first coupling node 430, its source to the second coupling
node 440, and the cathode of the body diode to the first coupling node
430.

The switch 400 is adapted to be controlled by a first control voltage Ts
received on the first input 450. To open the switch 400, so that no current
can flow, the value Vs of the first control voltage Ts is equal to that of the
voltage Vear. To close the switch 400, so that current can flow, the value
Vs of the first control voltage Ts is equal to that of the reference voltage
VREF.

The circuit 5 comprising the previously described switches 20 and 100 can

in particular be used in a power supply 600, as represented in FIGs 4 and
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5. The power supply 600 is, for example, a voltage regulating device
coupled to a voltage source supplying a voltage Vear, for example a
storage cell such as a battery. The power supply 600 is, for example,
contained in a portable device such as a mobile telephone, a portable
audio and/or video player, or a laptop computer. The power supply 600
comprises a power stage implemented by the circuit 5, adapted to supply
a positive voltage Vros and a negative voltage Vneg. The power stage is
equipped with control inputs for receiving control voltages defining a
control strategy for producing the negative voltage Vneg and the positive
voltage Vpros. The power supply comprises a control circuit coupled to the
power stage outputs in order to compare over time the negative Vneg and
positive Vpos voltages to at least one reference voltage Vrer and to
produce error signals Ver1, Verz. The power supply comprises a driving
circuit 500 coupled to the control circuit in order to receive the error signals
Verr1, Verrz and to generate the control voltages, and to the power stage in
order to supply the control voltages so generated.

FIG. 6 is a block diagram illustrating an embodiment of the proposed
solution comprising the SIBOBB 1000, a controller (CTRL) 200, a driver
(DRV) 3000, a processor (PROC) 4000, and a display module (DISP) 500
wherein DISP 500 and DRV 3000 are controlled by PROC 4000, DISP 500
is powered by SIBOBB 1000 and SIBOBB 1000 is controlled by DRV
3000.

All foregoing elements might be embodied, for instance, in a portable
device such as a smartphone, a tablet, a console game or an e-book
reader.

Referring to FIG. 6, the SIBOBB 1000 comprises four output pins 109,
110, 111, 112 and four input pins 113, 114, 115, 116.

Input pins 113, 114, 115 and 116 are adapted to receive driving
commands DRV>, DRV3, DRV and DRV4 from DRV 3000, and used to
command power switches 101, 102, 103 and 104, respectively.

DRV 3000 is configured to either turn on or turn off power switches 101,
102, 103 and 104 thanks to driving commands DRV, DRV3, DRVt and
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DRV4, respectively based on one or more control commands CMD
received from CTRL 2000.

One should understand that, throughout the description, when a power
switch 101, 102, 103 and 104, is said to be “turned on” it means that
corresponding switch 101, 102, 103 and 104 is “closed” and conducting,
such that current can flow through it.

On the other hand, when a power switch 101, 102, 103 and 104, is said to
be “turned off” it means that corresponding switch 101, 102, 103 and 104
is “open” and non-conducting, such that current can not flow through it.
Referring again to FIG. 6, output pins 111 and 112 are adapted to provide
positive output voltage Vros substantially higher than the voltage Vsar and
negative output voltage Vnec to DISP 500, respectively.

DISP 500 is configured to display one or more images IMG, by supplying
pixels (not shown) of DISP 500 with positive output voltage Vpos and
negative output voltage Vnea.

For instance, DISP 500 might be a Liquid Crystal Display (LCD) panel, an
Organic Light Emitting Diode (OLED) display panel or an AMOLED display
panel.

For instance, as well, the one or more images IMG are presented to DISP
500 by PROC 4000.

Referring again to FIG. 6, output pins 109 and 110 are adapted to provide
positive output voltage Vros substantially higher than the voltage Vsar and
negative output voltage Vnec to CTRL 2000, respectively.

CTRL 2000 is configured to control operations modes performed by
SIBOBB 1000.

An operation mode is a particular task performed by SIBOBB 1000.

For instance, in an embodiment, SIBOBB 1000 can be configured to
perform the following tasks:

- charging the inductor 106 current,

- discharging the inductor 106 current to a negative output 109, 111, or

- discharging the inductor 106 current to a positive output 110, 112.

[00100] These tasks can be arranged in a particular order depending on the

requirements.
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[00101] In the rest of the description, a series of sequential tasks performed by
SIBOBB 1000 would be called a conduction cycle.

[00102] A conduction cycle is generally performed during a clock cycle period,
whereby a clock cycle period is the time from a first clock signal to the end
of a succession of clock signals.

[00103] In order to apply particular conduction cycle, CTRL 2000 uses one or more
control commands CMD sent to DRV 3000.

[00104] Control commands CMD are based on, at least, positive output voltage
Vpos, negative output voltage Vneg, a first reference voltage Vrer1, and a
second reference voltage Vrerz or a combination of the foregoing
parameters.

[00105] For instance, the first reference voltage might be a positive reference
voltage or a sum reference voltage while the second reference voltage
might be a negative reference voltage or a difference reference voltage.

[00106] Both, the first reference voltage Vrer1 and the second reference voltage
Vrerz are received by CTRL 2000 from PROC 4000.

[00107] PROC 4000 is configured to control the provided reference voltage Vrer1
and reference voltage Vrer2 to CTRL 2000 and is also configured to
present one or more images IMG to DISP 500 so as to have them being
displayed by DISP 500.

[00108] In order to overcome the weakness of prior art regarding asymmetry in
load current between negative output current and positive output current,
as stated before, it is proposed, in one embodiment, a conduction cycle
made of at least two phases.

[00109] The two phases can be chosen from a group comprising embodiments of
FIG. 7A (called thereinafter charging phase or CHG), FIG. 7B (called
thereinafter positive discharging phase or DISCHGpros), FIG. 7C (called
thereinafter negative discharging phase or DISCHGneg) and FIG. 7D
(called thereinafter simultaneous discharging phase or DISCHGsmuL).

[00110] However, one should note that the first phase of the conduction cycle
needs to be set to the embodiment of FIG. 7A CHG.
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[00111] Therefore, at least eight different variants of the conduction cycle can be
implemented, based on particular chaining of the different phases during a
clock cycle period.

[00112] Namely, the conduction cycle can be arranged in any of the following
configurations:

- CHG - DISCHGpos,

- CHG - DISCHGnEg,

- CHG - DISCHGpos — DISCHGNEg,

- CHG - DISCHGnNeG — DISCHGpos,

- CHG - DISCHGsmuL — DISCHGpos,

- CHG - DISCHGsmuL — DISCHGNEG,

- CHG - DISCHGpos — DISCHGsmuL, and
- CHG - DISCHGnNeG — DISCHGsmuL.

[00113] Therefore, one should understand that the discharging phase could be
performed to only one output or both outputs.

[00114] In an embodiment wherein discharging phase occurs on both outputs, this
could be done by discharging in a sequential fashion (i.e. one after the
other).

[00115] Let’s describe, the different phases of FIG. 7A, FIG. 7B, FIG. 7C and FIG.
7D.

[00116] Referring to FIG. 7A, FIG. 7B, FIG. 7C and FIG. 7D there is shown therein
the SIBOBB 1000 wherein, for instance, power switches 102 and 103
might be implemented as Schottky diodes, if for instance low output power
is required out of the SIBOBB 1000.

[00117] In fact, Schottky diodes have the main advantage of switching naturally.
Therefore its use could permit to make the economy of charging a power
MOSFET gate thus reducing the switching loss in the SIBOBB 1000.
Furthermore, Schottky diodes have low drop (i.e. few hundred of millivolts)
and thus they have not so large ohmic losses.

[00118] This choice is also simplifying the conduction cycle, since in this case only
two power switches 101 and 104 need to be controlled.

[00119] Obviously others type of diodes may be used as well depending on

required efficiency and transient responses.
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[00120] Referring to FIG. 7A, there is shown therein the power switches 102 and
103 which are turned off and the power switches 101 and 104 which are
turned on.

[00121] With such configuration, SIBOBB 1000 enters the charging phase CHG,
wherein the inductor current is charged between Veat and Vrer.

[00122] Referring to FIG. 7B, there is shown therein the power switches 101 and
103 which are turned on and the power switches 102 and 104 which are
turned off.

[00123] With such configuration, SIBOBB 1000 enters the positive discharging
phase DISCHGros wherein all or part of the inductor current is discharged
to the positive output voltage Vros, between Veat and Vpos.

[00124] In this case, one should understand that this configuration assumes that
Vpos is substantially higher than the voltage Vegar.

[00125] This is for instance the case for AMOLED display panels wherein the
required positive voltage is 4.6 V while the battery voltage Veat supplying
such screens are most of the time lower than 4.5 V.

[00126] Referring to FIG. 7C, there is shown therein the power switches 102 and
104 which are turned on and the power switches 101 and 103 which are
turned off.

[00127] With such configuration, SIBOBB 1000 enters the negative discharging
phase DISCHGnec wherein all or part of the inductor current is discharged
to the negative output voltage Vneg, between Vnec and Vrer.

[00128] Referring to FIG. 7D, there is shown therein the power switches 101 and
104 which are turned off and the power switches 102 and 103 which are
turned on.

[00129] With such configuration, SIBOBB 1000 enters the discharging phase
DISCHGsivmuL, wherein all or part of the inductor current is discharged
simultaneously to both the positive output voltage Vreos and the negative
output voltage Vneg, between Vneg and Vpos.

[00130] FIG. 8 is a block diagram illustrating an embodiment of CTRL 2000,
wherein there is shown therein two difference units 201, 203, two error

comparison units 202, 204 and a logic control unit LGC 205.
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[00131] Referring to FIG. 8, Vros and Vrer1 are received at the input of the
difference unit 201 which is configured to generate an error signal ERR1
from a difference between Vpos and Vrer1.

[00132] Also, in FIG. 8, VNec and Vrerz are received at the input of the difference
unit 203 which is configured to generate an error signal ERR2 from a
difference between Vnec and Vrerz.

[00133] Afterwards, ERR1 is presented at the input of the comparison unit 202
along with a signal SIG+1 while ERR: is presented at the input of the
comparison unit 204 along with a signal SIGo..

[00134] One should understand that the implementation of comparison unit 202
might be different from the implementation of comparison unit 204, the
implementation of the difference unit 201 might be different from the
implementation of the difference unit 203 and the implementation of SIG1
might be different from the implementation of SIGa.

[00135] In an embodiment, the difference units 201, 203 are error amplifiers with
proportional plus integral plus derivative (PID) control, the comparison
units 202 and 204 are Pulse Width Modulation (PWM) modulators while
signal SIG1 and SIG: are, for instance, periodic ramp signals, which period
equals the clock period such as saw-tooth signals or triangular signals.

[00136] With such embodiment, the comparison unit 202 is configured to generate
a PWM signal DC1 based on ERR1 and SIGx.

[00137] This operation is performed, for instance, by having the PWM modulator
202 setting a logic high state to DC1 when ERR1 is below SIG+ and setting
a logic low state to DC1 when ERR1 exceeds SIG1.

[00138] Also, with such embodiment, the comparison unit 204 is configured to
generate a PWM signal DC2 based on ERR2 and SIGo.

[00139] This operation is performed, for instance, by having the PWM modulator
204 setting a logic high state to DC2 when ERR: is below SIG2 and setting
a logic low state to DC2 when ERR2 exceeds SIGo..

[00140] In digital logic, logic high state would be a bit 1 and logic low state would
be a bit 0 while in analog logic, logic high state would be a high voltage

level and logic low state would be a low voltage level.



WO 2014/056971 PCT/EP2013/071023
20

[00141] Finally, DC1and DC: are presented at the input of LGC 205 which is
configured to generate the one or more control commands CMD used to
drive DRV 3000 as already explained in the foregoing, in order to apply a
given conduction cycle.

[00142] The choice of which configuration of the conduction cycle to be used
depends on the different logic within which DC1 and DC: are decoded,
during the clock cycle period.

[00143] Additionally, since DC1 and DC: are based on the positive output voltage
Vpos, and on the negative output voltage Vneg, therefore the conduction
cycle depends on the positive output voltage Vpeos, and on the negative
output voltage Vnea.

[00144] More generally, in the present application, DC1 is used, alone, by LGC 205
to determine the amount of energy to be accumulated by SIBOBB 1000,
namely by the current inductor 106, depending on the required positive
output voltage Vpos, and on the negative output voltage Vnec that need to
be delivered by the SIBOBB 1000.

[00145] On the other hand, DC1 and DC: are used all together by LGC 205 to
determine the amount of energy to be discharged to each output of
SIBOBB 1000.

[00146] FIG. 9 is a block diagram illustrating an embodiment of CTRL 2000,
wherein there is shown therein three difference units 201, 203, 206, one
summation unit 207, two error comparison units 202, 204 and a logic
control unit (LGC) 205.

[00147] Referring to FIG. 9, Vros and Vnec are received at the input of the
difference unit 206 which is configured to generate a voltage DIFF from a
difference between Vpos and Vnea.

[00148] Again in FIG. 9, Vros and Vneg are received at the input of the summation
unit 207 which is configured to generate a voltage SUM from a sum of
Vpos and Vnea.

[00149] Later in FIG. 9, SUM and Vrer1 are received at the input of the difference
unit 201 which is configured to generate an error signal ERR1 from a

difference between SUM and Vrer1.
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[00150] Also, in FIG. 9, DIFF and Vrer2 are received at the input of the difference
unit 203 which is configured to generate an error signal ERR2 from a
difference between DIFF and Vrera.

[00151] Then, ERR1 is presented at the input of the comparison unit 202 along
with a signal SIG1 while ERR? is presented at the input of the comparison
unit 204 along with a signal SIGo.

[00152] One should understand that each of the implementation of comparison
units 202, 204 might be different from each other, each of the
implementation of the difference units 201, 203, 206 might be different
from each other as well and each of the implementation of SIG1, SIG2
might be different from each other.

[00153] In an embodiment, the difference units 201, 203, 206 are error amplifiers
with proportional plus integral plus derivative (PID) control, the comparison
units 202 and 204 are Pulse Width Modulation (PWM) generators while
signal SIG1 and SIG: are a signal of a saw-tooth signal or a triangular
signal.

[00154] With such embodiment, the comparison unit 202 is configured to generate
a PWM signal DC1 based ERR1 and SIGx.

[00155] This operation is performed, for instance, by having the PWM modulator
202 setting a logic high state to DC1 when ERR1 is below SIG+ and setting
a logic low state to DC1 when ERR1 exceeds SIG1.

[00156] Also, with such embodiment, the comparison unit 204 is configured to
generate a PWM signal DC2 based ERR2 and SIG..

[00157] This operation is performed, for instance, by having the PWM modulator
204 setting a logic high state to DC2 when ERR:z is below SIG2 and setting
a logic low state to DC2 when ERR2 exceeds SIGo..

[00158] In digital logic, logic high state would be a bit 1 and logic low state would
be a bit 0 while in analog logic, logic high state would be a high voltage
level and logic low state would be a low voltage level.

[00159] Finally, DC1and DC: are presented at the input of LGC 205 which is
configured to generated the one or more control commands CMD used to
drive DRV 3000 as already explained in the foregoing, in order to apply a

given conduction cycle.
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[00160] The choice of which configuration of the conduction cycle to be used
depends on the different logic within which DC1 and DC: are decoded,
during the clock cycle period.

[00161] Additionally, since DC1 and DC: are based on the positive output voltage
Vpos, and on the negative output voltage Vneg, therefore the conduction
cycle depends on the positive output voltage Vpeos, and on the negative
output voltage Vnea.

[00162] More generally, in the present application, DC1 is used, alone, by LGC 205
to determine the amount of energy to be accumulated by SIBOBB 1000,
namely by the current inductor 106, depending on the required positive
output voltage Vpos, and on the negative output voltage Vnec that need to
be delivered by the SIBOBB 1000.

[00163] On the other hand, DC1 and DC: are used all together by LGC 205 to
determine the amount of energy to be discharged to each output of
SIBOBB 1000.

[00164] One should understand, in other words, that the amount of energy to be
accumulated or discharged, as explained in the foregoing embodiments of
FIG. 8 and FIG. 9, depends on the duty cycle of the corresponding signals
DC+ and DC2 wherein the duty cycle should be understood as being the
amount of time during which DC+1 or DC: are in a logic high state, during
the clock cycle period.

[00165] The embodiment of the CTRL 2000 of FIG. 8 is mostly suitable for cases
where there is a load current symmetry of negative output current and
positive output current that is required at the output 109, 110, 111, 112 of
SIBOBB 1000.

[00166] In case where a total load current asymmetry of negative output current
and positive output current is needed at the output 109, 110, 111, 112 of
SIBOBB 1000, embodiment of the CTRL 2000 of FIG. 9 is a possible
preferred solution.

[00167] Hence, with the configuration of FIG. 9, weakness of state of the art
regarding control of SIBO -Boost converters to deliver independent buck or

boost to each input voltage is overcome.
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[00168] In fact, with this embodiment, depending on the duty cycles of DC+ and/or
DCo, one output 109, 110, 111, 112 of SIBOBB 1000 may signify that it
does not need energy and that only the other output should be supplied.
Thus, the conduction cycle could, for instance, comprise two phases
corresponding, first to a charging phase followed by a discharging phase
to an output 109, 110, 111, 112 of SIBOBB 1000.

[00169] Another conduction cycle could, for instance, comprise three phases
corresponding, first to a charging phase followed by a discharging phase
to an output 109, 110, 111, 112 of SIBOBB 1000 and then another
discharging phase to the other output 109, 110, 111, 112 of SIBOBB 1000.

[00170] In this case, positive discharging phase DISCHGpos could be performed
before negative discharging phase or DISCHGneG or conversely, negative
discharging phase DISCHGnec could be performed before positive
discharging phase or DISCHGpos.

[00171] The different logic state combinations of the conduction cycle can be
summarised by the exemplary truth table 600 of FIG. 10, wherein digital
logic is used.

[00172] Possibly, truth table 600 is implemented within LGC 205.

[00173] As it can been seen, when DC1 is at a logic state corresponding to bit O
(i.e. when ERR1 exceeds SIG1) and whatever the logic state of DCo, then
SIBOBB 1000 would be instructed by CTRL 2000, trough DRV 3000, to
initiate the charging phase CHG.

[00174] This is why it has been stated above that DC+, alone, might be used to
determine the amount of energy to be accumulated by SIBOBB 1000.

[00175] However, when DC1 is at a logic state corresponding to bit 1 (i.e. when
ERR1 is below SIG1) and DC: is at a logic state corresponding to bit O (i.e.
when ERR2 exceeds SIG2) then SIBOBB 1000 would be instructed by
CTRL 2000, trough DRV 3000, to initiate the discharging phase
DISCHGpos.

[00176] This is why it has been stated above that DC1 and DC: are used to
determine the amount of energy to be discharged to each output of
SIBOBB 1000. As stated earlier, the amount of discharged energy to each
output mainly depends on the duty cycle of DC1 and DCo.
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[00177] Also, when DC1 is at a logic state corresponding to bit 1 (i.e. when ERR1 is
below SIG1) and DC: is at a logic state corresponding to bit 1 (i.e. when
ERR2 is below SIG2) then SIBOBB 1000 would be instructed by CTRL
2000, trough DRV 3000, to initiate the discharging phase DISCHGneG.

[00178] This is why it has been stated above that DC1 and DC: are used to
determine the amount of energy to be discharged to each output of
SIBOBB 1000.

[00179] Again, as stated earlier, the amount of discharged energy to each output
109, 110, 111, 112 of SIBOBB 1000, mainly depends on the duty cycle of
DC+ and DCo..

[00180] In order to fully understand the proposed solution, two exemplary
embodiments of the proposed conduction cycle will be described in FIG.
11 and FIG. 12.

[00181] Referring to FIG. 11 and FIG. 12, there is shown therein three timing
diagrams A, B, C represented over two clock cycle periods.

[00182] Timing diagram A shows the evolution of ERR+, ERR2, SIG1 and SIGo..

[00183] For the purpose of clarity and simplicity, SIG1 and SIG2 are considered
alike and future references would be made to SIG1 only as being a saw-
tooth signal.

[00184] Timing diagrams B and C show the evolution of DC1 and DCo,
respectively.

[00185] Referring to FIG. 11, in the first clock cycle period, it can be seen that
during CHG phase, both ERR1 and ERR:2 exceed SIG1 thus leading DC+
and DC: being at the logic low state. In digital logic, this corresponds to
configuration ‘00’ as already described in FIG. 10.

[00186] Later, it can be seen that during DISCHGpos phase, ERR1 is below SIG+
thus leading DC+ being at the logic high state and ERR2 exceeds SIG+
thus leading DC: being at the logic low state.

[00187] In digital logic, this corresponds to configuration ‘10’ as already described
in FIG. 10.

[00188] Later again, it can be seen that during DISCHGnec phase, ERR1 is below
SIG1 thus leading DC+ being at the logic high state and ERR: is below
SIG1 thus leading DC2 being at the logic high state.
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[00189] In digital logic, this corresponds to configuration ‘11’ as already described
in FIG. 10.

[00190] Referring to FIG. 11, in the second clock cycle period, it can be seen that
during the first CHG phase, both ERR1 and ERR2 exceed SIG+ thus
leading DC+ and DC: being at the logic low state.

[00191] In digital logic, this corresponds to configuration ‘00’ as already described
in FIG. 10.

[00192] Later, it can be seen that during the second CHG phase, ERR:z is below
SIG1 thus leading DC2 being at the logic high state and ERR1 exceeds
SIG1 thus leading DC+1 being at the logic low state.

[00193] In digital logic, this corresponds to configuration ‘01’ as already described
in FIG. 10.

[00194] Later again, it can be seen that during DISCHGnec phase, ERR1 is below
SIG1 thus leading DC+ being at the logic high state and ERR: is below
SIG1 thus leading DC2 being at the logic high state.

[00195] In digital logic, this corresponds to configuration ‘11’ as already described
in FIG. 10.

[00196] Referring to FIG. 12, in the first clock cycle period, it can be seen that
during CHG phase, both ERR1 and ERR:2 exceed SIG1 thus leading DC+
and DC: being at the logic low state.

[00197] In digital logic, this corresponds to configuration ‘00’ as already described
in FIG. 10.

[00198] Later, it can be seen that during DISCHGpos phase, ERR1 is below SIG+
thus leading DC1 being at the logic high state and ERR2 exceeds SIG+
thus leading DC: being at the logic low state.

[00199] In digital logic, this corresponds to configuration ‘10’ as already described
in FIG. 10.

[00200] Referring to FIG. 12, in the second clock cycle period, it can be seen that
during the first CHG phase, both ERR1 and ERR2 exceed SIG+ thus
leading DC+ and DC: being at the logic low state.

[00201] In digital logic, this corresponds to configuration ‘00’ as already described
in FIG. 10.
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[00202] Later, it can be seen that during the second DISCHGneg phase, both
ERR1 and ERR:? are below SIG1 thus leading DC1 and DC: being at the
logic high state.

[00203] In digital logic, this corresponds to configuration ‘11’ as already described
in FIG. 10.

[00204] FIG. 13 is a flow diagram illustrating an embodiment of the proposed
solution corresponding to the embodiment as already described above for
FIG. 12.

[00205] Referring to FIG. 13, in step S700, a first control signal DC1 based on, at
least, the negative output voltage, a negative reference voltage and a saw-
tooth signal is generated as already described above.

[00206] Then, in a step S701, a second control DC> signal based on, at least, the
positive output voltage, positive reference voltage and a saw-tooth signal
is generated as already described above.

[00207] Later, in a step S702, the SIBOBB 1000 is operated, based on a given
logic and the first control signal so as to initiate a charging phase CHG,
such that a first duty cycle of the first control signal is controlling an
amount of energy to be accumulated by the SIBOBB 1000 as already
described above.

[00208] Finally, in a step S703, the SIBOBB 1000 is operated, based on the given
logic and the first control signal simultaneously with the second control
signal so as to initiate an independent discharging phase DISCHGnEeg,
DISCHGpPos of the accumulated energy, in a buck-type or boost-type, to at
least an output of the SIBOBB 1000 such that a second duty cycle of the
second control signal is controlling an amount of energy to be discharged
by the SIBOBB 1000 as already described above.

[00209] After that, the algorithm would stop.

[00210] FIG. 14 is a block diagram illustrating an embodiment of CTRL 2000.

[00211] With the embodiment of FIG. 14, the average current passing through the
inductor 106 and the ohmic losses are optimised.

[00212] In fact, for certain industry, such as the mobile phone industry, there are

stringent requirements regarding the size of the components that could be
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used, in order to produce low cost and small physical size devices in order
to suit customers needs.

[00213] This is the case, for instance, for the inductor 106 that is used in the
SIBOBB 1000 if the latter need to be placed as close a possible to the
mobile phone screen.

[00214] One should know that the height of an inductor is proportional to the load
current, thus it could be said that higher inductors can handle more
currents than smaller ones.

[00215] In the SIBOBB 1000 the amount of current passing through the inductor
106, at a given moment in time, can be determined by the following
formula:

IL = lout X Vout/Vin, Wherein I is the amount of current in the inductor, lout
is the amount of current at the output of the SIBOBB 1000, Vour is the
output voltage of the SIBOBB 1000 and V| is the input voltage of the
SIBOBB 1000 such as Vgar.

[00216] Therefore, one should understand that as Vi is decreasing and Vour is
increasing, depending on the application, high peak currents (e.g. 2 Amps)
could be experienced in the inductor 106, thus reaching the current
saturation of the inductor 106.

[00217] This situation could occur with conduction cycles feeding outputs 109,
110, 111, 112 of the SIBOBB 1000 in a sequential fashion.

[00218] However, as said above, high peak currents would require inductors high
in size (e.g. 2 mm) while, for instance in the mobile phone industry,
inductors with smaller height (e.g. <1 mm) are required.

[00219] This is not acceptable and it should be possible to deliver independent
buck-type or boost-type bipolar voltages in a SIBOBB 1000 using small
sized inductors.

[00220] This optimisation could be achieved by discharging the inductor, at some
point, through the bipolar outputs of the SIBOBB 1000 in a simultaneous
fashion instead of doing it in a sequential fashion.

[00221] Namely, this optimisation involves the use of conduction cycles made of at

least three phases.
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[00222] The three phases can be chosen from a group comprising a charging
phase CHG, the positive discharging phase DISCHGpos, the negative
discharging phase DISCHGneG and the discharging phase DISCHGsimuL
as already described above.

[00223] However, as stated earlier, one should note that the first phase of the
conduction cycle needs to be set to the charging phase CHG and also that
it is assumed that Vpos is substantially higher than the voltage Vgar.

[00224] Therefore, in this embodiment of FIG. 14, at least four different
configurations of the conduction cycle can be implemented, based on
particular chaining of the different phases during a clock cycle period.

[00225] Namely, the conduction cycle can be arranged in any of the following
configurations:

- CHG - DISCHGsmuL — DISCHGpos,
- CHG - DISCHGsmuL — DISCHGNEG,
- CHG - DISCHGpos — DISCHGsmuL, and
- CHG - DISCHGnNeG — DISCHGsmuL.

[00226] For instance, conduction cycles “CHG — DISCHGpos — DISCHGsmuL” or
“‘CHG - DISCHGsimuL — DISCHGPos” could be used to discharge more
energy into the positive output 110, considering that it requires more
energy than the negative output 109.

[00227] For instance, conduction cycle “CHG — DISCHGnNec — DISCHGsmuL” or
“CHG - DISCHGsimuL — DISCHGNEeG” could be used to discharge more
energy into the negative output 109, considering that it requires more
energy than the positive output 110.

[00228] Therefore, one should understand that discharging phase DISCHGsimuL is
to be performed simultaneously on both outputs.

[00229] Referring to FIG. 14, there is shown therein four difference units 201, 203,
206, 212, one summation unit 207, three error comparison units 202, 204,
213 and a logic control unit (LGC) 205.

[00230] Referring to FIG. 14, Vros and Vnec are received at the input of the
difference unit 206 which is configured to generate a voltage DIFF from a

difference between Vpos and VneG.
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[00231] Again in FIG. 14, Vpos and Vnec are received at the input of the
summation unit 207 which is configured to generate a voltage SUM from a
sum of Vpos and Viee.

[00232] Later in FIG. 14, SUM and Vrer1 are received at the input of the difference
unit 201 which is configured to generate an error signal ERR1 from a
difference between SUM and VReF1.

[00233] Also, in FIG. 14, DIFF and Vrer2 are received at the input of the difference
unit 203 which is configured to generate an error signal ERR2 from a
difference between DIFF and Vrera.

[00234] Later, ERR1 and ERR:? are received at the input of the difference unit 212
which is configured to generate an error signal ERR3 from a difference
between ERR1 and ERR:.

[00235] Subsequently, ERR is presented at the input of the comparison unit 202
along with a signal SIG+, ERR: is presented at the input of the comparison
unit 204 along with a signal SIG2 and ERR3 is presented at the input of the
comparison unit 213 along with a signal SIGs.

[00236] One should understand that each of the implementation of comparison
units 202, 204, 213 might be different from each other, each of the
implementation of the difference units 201, 203, 206, 212 might be
different from each other as well and each of the implementation of SIG+,
SIG2, SIG3 might be different from each other.

[00237] In an embodiment, the difference units 201, 203, 206, 212 are error
amplifiers with proportional plus integral plus derivative (PID) control, the
comparison units 202, 204, 213 are Pulse Width Modulation (PWM)
generators while signal SIG1, SIG2, SIG3 are a signal of a saw-tooth signal
or a triangular signal.

[00238] With such embodiment, the comparison unit 202 is configured to generate
a PWM signal DC1 based on ERR1 and SIGx.

[00239] This operation is performed, for instance, by having the PWM modulator
202 setting a logic high state to DC1 when ERR1 is below SIG+ and setting
a logic low state to DC1 when ERR1 exceeds SIG1.

[00240] Also, with such embodiment, the comparison unit 204 is configured to
generate a PWM signal DC2 based on ERR2 and SIGo.
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[00241] This operation is performed, for instance, by having the PWM modulator
204 setting a logic high state to DC2 when ERR2 is below SIG2 and setting
a logic low state to DC2 when ERR2 exceeds SIGo..

[00242] Again, with such embodiment, the comparison unit 213 is configured to
generate a PWM signal DC3 based on ERR1 and ERR:.

[0024 3] This operation is performed, for instance, by setting a logic high state to
DCs when ERR3 is below SIG3 and setting a logic low state to DC3z when
ERR3 exceeds SIGs.

[00244] In digital logic, logic high state would be a bit 1 and logic low state would
be a bit 0 while in analog logic, logic high state would be a high voltage
level and logic low state would be a low voltage level.

[00245] Finally, DC1, DC2 and DCs3 are presented at the input of LGC 205 which is
configured to generated the one or more control commands CMD used to
drive DRV 3000 as already explained in the foregoing, in order to apply a
given conduction cycle.

[00246] The choice of which configuration of the conduction cycle to be used
depends on the different logic within which DC+, DC2 and DC3 are, during
the clock cycle period.

[00247] Additionally, since DC+1, DC2 and DC3 are based on the positive output
voltage Vpos, and on the negative output voltage Vneg, therefore the
conduction cycle depends on the positive output voltage Vros, and on the
negative output voltage Vnea.

[00248] More generally, in the present application, DC1 is used, alone, by LGC 205
to determine the amount of energy to be accumulated by SIBOBB 1000.

[00249] On the other hand, DC+, DC2 and DC3 are used all together by LGC 205 to
determine the amount of energy to be discharged to each output of
SIBOBB 1000.

[00250] This could be achieved by having DC2 and DC3 being symmetrical with
respect to DC+, thus creating the two additional phases of the conduction
cycle.

[00251] In this case, at a given moment in time, DC2 could be equal to DC+ plus a
given delta value while DC3 would be equal to DC1 minus the given delta

value.
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[00252] Another possibility is that, at a given moment in time, DC3 could be equal
to DC1 plus a given delta value while DC: is equal to DC+1 minus the given
delta value.

[00253] One should understand that the amount of energy to be accumulated or
discharged, as explained in the foregoing embodiment of FIG. 14,
depends on the duty cycle of the corresponding signals DC+1, DC2 and DCs3
wherein the duty cycle should be understood as being the amount of time
during which DC+, DC2 and DC3 are in a logic high state, during the clock
cycle period.

[00254] The proposed solution enables to optimise the amount of current that
passes through the inductor 106 of the SIBOBB 1000, thus enabling the
use of small sized conductors for implementation.

[00255] An apparatus embodying features of the proposed solution is also
claimed.

[00256] A display integrated circuit comprising the apparatus is also claimed.

[00257] The latter may comprise also, for instance, a display panel, the SIBOBB
1000, a processor 4000.

[00258] A wireless device comprising the display integrated circuit is also claimed.

[00259] In the claims, the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude a plurality. A
single unit may fulfil the functions of several items recited in the claims.

[00260] For instance, reference voltages Vrer1, Vrer2 might be stored inside the
processor PROC 4000 or outside within a memory such as a register.

[00261] For instance also, DRV 3000 might be implemented inside CTRL 2000.

[00262] In the foregoing description, power switches 101,102,103 and 104 are
respectively substantially equivalent to the power switches 100, 20, 400
and 300.

[00263] As explained as well earlier, CTRL 2000 might be implemented with digital
logic, analog logic or mixed-signal logic without departing from the scope
of the proposed solution.

[00264] The mere fact that different features are recited in mutually different

dependent claims does not indicate that a combination of these features
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cannot be advantageously used. Any reference signs in the claims should
not be construed as limiting the scope of the proposed solution.
Reference documents list
[00265] Document (1): TEXAS INSTRUMENTS, TPS65136. Single Inductor
Multiple Output Regulator for AMOLED.
http://www .ti.com/lit/ds/symlink/tps65136.pdf (849 KB). 07 Jul 2008.
[00266] Document (2): WO2012/032176.
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Claims

1.

A method of driving a Single Inductor Bipolar Output Buck-Boost (1000),
SIBOBB, clocked by a clock signal having a given clock cycle period, the
SIBOBB comprising an input for receiving a first potential (Veat), at least four
power switches (101,102,103,104), and at least one positive output (110, 112)
adapted to output a positive output voltage (Vros) substantially higher than the
first potential and at least one negative output (109, 111) adapted to output a
negative output voltage (Vneg), the method comprising the following steps
performed during the clock cycle period:
- generating a first control signal (DC1) based on, at least, the positive output
voltage and a positive reference voltage (Vrer1);
- generating a second control signal (DC:2) based on, at least, the negative
output voltage and a negative reference voltage (Vrer2);
- initiating a charging phase (CHG) of charging the SIBOBB, based on a
monitoring of the first control signal, during which an amount of energy to be
accumulated by the SIBOBB is controlled by a first duty cycle of the first
control signal;
- initiating a first discharging phase (DISCHGpos, DISCHGneG) of discharging
the energy accumulated in the SIBOBB to at least one of the positive output in
a boost-type configuration of the SIBOBB and the negative output in a buck-
type or boost-type configuration of the SIBOBB, based on a simultaneous
monitoring of the first control signal and the second control signal, during which
first discharging phase, an amount of energy to be discharged by the SIBOBB
is controlled by a second duty cycle of the second control signal; and,
wherein, the charging phase is initiated before the first discharging phase.
The method of claim 1, wherein the SIBOBB comprising:
- an electrical circuit, comprising:
- at least a first control input (50), a second control input (60), a third control
input (150), a fourth control input (160), a fifth control input (350), an sixth
control input (450) and

- at least a first switch (20) comprising a first terminal (30) and a second
terminal (40), the first switch being adapted to be controlled:

- by setting the first control input (50) to a first electrical control voltage
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(T1), with the value (V1) of the first control voltage (T1) being less than that of
the maximum value of the first potential (Vear) at the first terminal and greater
than that of the value of a third potential (Vnec) at the second terminal, and

- to close the first switch (20), by setting the second control input (60) to the
first control voltage (T1), or,

- to open the first switch (20), by setting the second control input (60) to a
second control voltage (T2) substantially equal to the third potential (Vneg) of
the second terminal,

- at least a second switch (100) comprising a third terminal (130) and a fourth
terminal (140), the second switch being adapted to be controlled:

- by setting the third control input (150) to a third control voltage (T3), with
the value (V3) of the third control voltage (T3) being less than a first minimum
value of the first potential (Veat) at the fourth terminal and greater than the
value of the third potential (Vneg) at the third terminal, and

- to close the second switch (100), by setting the fourth control input (160)
to thethird control voltage (T3), or

- to open the second switch, by setting the fourth control input (160) to a
fourth control voltage (T4) substantially equal to the maximum value of the of
the first potential (Veart) of the fourth terminal (140),

- at least a third switch (300), comprising a fifth terminal (330) and a sixth
terminal (340), the third switch being adapted to be controlled:

- to open the third switch, by setting the fifth control input (350) to the
reference potential (Vrer), or

- to close the third switch, by setting the fifth control input (350) to the first
potential (Veat),- at least a fourth switch (400), comprising a seventh terminal
(430) and a eighth terminal (440), the fourth switch being adapted to be
controlled:

- to close the fourth switch, by setting the sixth control input (450) to the
reference potential (Vrer), or

- to open the fourth switch, by setting the sixth control input (450) to the
second potential (Vpos);
the difference between the first control voltage (T1) and the second control

voltage (T2) being greater than both the value of the threshold voltage of a first
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transistor and the value of the threshold voltage of a second transistor when
the first switch is closed,

the difference between the third control voltage (T3) and the fourth control
voltage (T4) being greater than both the value of the threshold voltage of a
third transistor and the value of the threshold voltage of a fourth transistor
when the second switch is closed,

the difference between a second potential (Vros) and the reference potential
(Vrer) being greater than the value of the fourth threshold voltage, and the
difference between the third potential (Vnec) and the reference potential (Vrer)
being less than the value of the third threshold voltage,

the first switch (20) being adapted to be controlled by a potential received on
the first control input and a potential received on the second control input, in a
manner that controls the conversion of the first potential (Veat) into the second
potential (Vpos) and into the third potential (Vneg), the second terminal being
coupled to a node of the circuit at the third potential (Vnec) when the circuit is
in operation,

the second switch (100) being adapted to be controlled by a potential received
on the third control input and a potential received on the fourth control input, in
a manner that controls the conversion of the first potential (Veat) into the
second potential (Vros) and into the third potential (Vneg), the fourth terminal
being coupled to a node of the circuit at the first potential (Veat) when the
circuit is in operation,

the third switch (300) being adapted to be controlled by a potential received on
the fifth control input, in a manner that controls the conversion of the first
potential (Veart) into the second potential (Vros) and into the third potential
(Vnec),the fifth terminal being coupled to a node of the circuit at the reference
potential when the circuit is in operation,

the fourth switch (400) being adapted to be controlled by a potential received
on the sixth control input, in @ manner that controls the conversion of the first
potential (Veart) into the second potential (Vros) and into the third potential
(Vneg), the seventh terminal being coupled to a node of the circuit at the
second potential (Vpos) when the circuit is in operation,

- Outputs for supplying the second potential (Vpos) and the third potential
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(VneG), wherein, the reference potential is applied to the first control input of
the first switch and/or a reference potential is applied to the third control input
of the second switch.

3. The method of any one of claims 1 to 2, wherein generating the first control
signal is further based on the negative output voltage and generating the
second control signal is further based on the positive output voltage.

4. The method of any one of claims 1 to 3, wherein the first discharging phase
comprises discharging the accumulated energy in both the positive output and
the negative output sequentially, the discharging of the accumulated energy to
the positive output being initiated before the discharging of the accumulated
energy to the negative output.

5. The method of any one of claims 1 to 3, wherein the first discharging phase
comprises discharging the accumulated energy in both the positive output and
the negative output sequentially, the discharging of the accumulated energy to
the positive output being initiated after the discharging of the accumulated
energy to the positive output.

6. The method of any one of claims 1 to 5, further comprising:

- generating a third control signal (DC3) based on, at least, the first control
signal and the second control signal;

- initiating a second discharging phase (DISCHGsimuL) of discharging the
energy accumulated in the SIBOBB to the positive output in a boost-type
configuration of the SIBOBB and to the negative output in a buck-type or
boost-type configuration of the SIBOBB simultaneously, based on a monitoring
of the first control signal, the second control signal and the third control signal
simultaneously, during which second discharging phase, an amount of energy
to be discharged by the SIBOBB is controlled by a second duty cycle of the
second control signal and a third duty cycle of the third control signal; and,
wherein, the charging phase is initiated before the second discharging phase.

7. The method of claim 6, wherein the second discharging phase comprises
discharging the accumulated energy in both the positive output and the
negative output simultaneously, and wherein initiating the second discharging

phase is performed before the first discharging phase.
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The method of claim 6, wherein the second discharging phase comprises
discharging the accumulated energy in both the positive output and the
negative output simultaneously, and wherein initiating the second discharging
phase is performed after the first discharging phase.

The method of any one of claims 1 to 8, wherein the first, second and third
control signals (DC+1, DC2, DC3) are generated by a Pulse Width Modulation,
PWM, modulator (202, 204, 213) based on respective comparison signals,
wherein at least some of the comparison signals are saw-tooth signals or
triangular signals.

The method of claim 9, wherein generating the first control signal is performed
by inputting into the PWM modulator (202), the first comparison signal and a
first error signal (ERR1) proportional to the voltage difference between the
positive output voltage and the positive reference voltage.

The method of any one of claims 9 to 10, wherein generating the second
control signal is performed by inputting into the PWM modulator (204), the
second comparison signal and a second error signal (ERR2) proportional to the
voltage difference between the negative output voltage and the negative
reference voltage.

The method of claim 9, wherein generating the first control signal is performed
by inputting into the PWM modulator (202), the first comparison signal and a
first error signal (ERR1) corresponding to a voltage difference between a sum
reference voltage (Vrer1) and a voltage sum of positive output voltage and
negative output voltage.

The method of any of one of claims 9 and 12, wherein generating the second
control signal is performed by inputting into the PWM modulator (204), the
second comparison signal and a second error signal (ERR2) corresponding to
a voltage difference between a difference reference voltage (Vrer2) and a
voltage difference between positive output voltage and the negative output
voltage.

The method of any of one of claims 9 and 12 to 13, wherein generating the
third control signal is performed by inputting into the PWM modulator (213), a
third error signal (ERR3) corresponding to a voltage difference between the

first error signal (ERR1) and the second error signal (ERR2).
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An apparatus for driving a Single Inductor Bipolar Output Buck-Boost (1000),
SIBOBB, clocked by a clock signal having a given clock cycle period, the
SIBOBB comprising an input for receiving a first potential (Veat) and at least
four power switches (101,102,103,104) and at least one positive output (110,
112) adapted to output a positive output voltage (Vros) substantially higher
than the first potential and at least one negative output (109, 111) adapted to
output a negative output voltage (Vnec), the apparatus comprising:
- means for generating a first control signal (DC+) configured to be based on, at
least, the negative output voltage and a negative reference voltage (Vrer2);
- means for generating a second control signal (DC2) configured to be based
on, at least, the positive output voltage and a positive reference voltage
(VRreF1);
- means for initiating a charging phase (CHG) of the SIBOBB, configured to be
based on a monitoring of the first control signal, during which an amount of
energy to be accumulated by the SIBOBB is controlled by a first duty cycle of
the first control signal;
- means for initiating a first discharging phase (DISCHGpos, DISCHGNeG) of
discharging the energy accumulated in the SIBOBB to at least one of the
positive output in a boost-type configuration of the SIBOBB and the negative
output in a buck-type or boost-type configuration of the SIBOBB, configured to
be based on a simultaneous monitoring of the first control signal and the
second control signal, during which first discharging phase, an amount of
energy to be discharged by the SIBOBB is controlled by a second duty cycle of
the second control signal; and,
wherein, means for initiating the charging phase are activated before the
activation of means for initiating the first discharging phase.
The apparatus of claim 15, wherein the SIBOBB is a power stage comprising:
- an electrical circuit, comprising:
- at least a first control input (50), a second control input (60), a third control
input (150), a fourth control input (160), a fifth control input (350), an sixth
control input (450) and

- at least a first switch (20) comprising a first terminal (30) and a second

terminal (40), the first switch being adapted to be controlled:
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- by setting the first control input (50) to a first electrical control voltage
(T1), with the value (V1) of the first control voltage (T1) being less than that of
the maximum value of the first potential (Vear) at the first terminal and greater
than that of the value of a third potential (Vnec) at the second terminal, and

- to close the first switch (20), by setting the second control input (60) to the
first control voltage (T1), or,

- to open the first switch (20), by setting the second control input (60) to a
second control voltage (T2) substantially equal to the third potential (Vneg) of
the second terminal,

- at least a second switch (100) comprising a third terminal (130) and a fourth
terminal (140), the second switch being adapted to be controlled:

- by setting the third control input (150) to a third control voltage (T3), with
the value (V3) of the third control voltage (T3) being less than a first minimum
value of the first potential (Veat) at the fourth terminal and greater than the
value of the third potential (Vneg) at the third terminal, and

- to close the second switch (100), by setting the fourth control input (160)
to thethird control voltage (T3), or

- to open the second switch, by setting the fourth control input (160) to a
fourth control voltage (T4) substantially equal to the maximum value of the of
the first potential (Veart) of the fourth terminal (140),

- at least a third switch (300), comprising a fifth terminal (330) and a sixth
terminal (340), the third switch being adapted to be controlled:

- to open the third switch, by setting the fifth control input (350) to the
reference potential (Vrer), or

- to close the third switch, by setting the fifth control input (350) to the first
potential (Veat),- at least a fourth switch (400), comprising a seventh terminal
(430) and a eighth terminal (440), the fourth switch being adapted to be
controlled:

- to close the fourth switch, by setting the sixth control input (450) to the
reference potential (Vrer), or

- to open the fourth switch, by setting the sixth control input (450) to the
second potential (Vpos);

the difference between the first control voltage (T1) and the second control
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voltage (T2) being greater than both the value of the threshold voltage of a first
transistor and the value of the threshold voltage of a second transistor when
the first switch is closed,

the difference between the third control voltage (T3) and the fourth control
voltage (T4) being greater than both the value of the threshold voltage of a
third transistor and the value of the threshold voltage of a fourth transistor
when the second switch is closed,

the difference between a second potential (Vros) and the reference potential
(Vrer) being greater than the value of the fourth threshold voltage, and the
difference between the third potential (Vnec) and the reference potential (Vrer)
being less than the value of the third threshold voltage,

the first switch (20) being adapted to be controlled by a potential received on
the first control input and a potential received on the second control input, in a
manner that controls the conversion of the first potential (Veat) into the second
potential (Vpos) and into the third potential (Vneg), the second terminal being
coupled to a node of the circuit at the third potential (Vnec) when the circuit is
in operation,

the second switch (100) being adapted to be controlled by a potential received
on the third control input and a potential received on the fourth control input, in
a manner that controls the conversion of the first potential (Veat) into the
second potential (Vros) and into the third potential (Vneg), the fourth terminal
being coupled to a node of the circuit at the first potential (Veat) when the
circuit is in operation,

the third switch (300) being adapted to be controlled by a potential received on
the fifth control input, in a manner that controls the conversion of the first
potential (Veart) into the second potential (Vros) and into the third potential
(Vnec),the fifth terminal being coupled to a node of the circuit at the reference
potential when the circuit is in operation,

the fourth switch (400) being adapted to be controlled by a potential received
on the sixth control input, in @ manner that controls the conversion of the first
potential (Veart) into the second potential (Vros) and into the third potential
(Vneg), the seventh terminal being coupled to a node of the circuit at the

second potential (Vpos) when the circuit is in operation,
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- Outputs for supplying the second potential (Vpos) and the third potential
(VneG), wherein, the reference potential is applied to the first control input of
the first switch and/or a reference potential is applied to the third control input
of the second switch.

The apparatus of any one of claims 15 to 16, wherein means for generating the
first control signal are further configured to be based on the positive output
voltage and means for generating the second control signal are further
configured to be based on the negative output voltage.

.The apparatus of any one of claims 15 to 17, wherein the first discharging
phase comprises discharging the accumulated energy in both the positive
output and the negative output sequentially, the activation of the means for
discharging the accumulated energy to the positive output being performed
before the activation of the means for discharging the accumulated energy to
the negative output.

The apparatus of any one of claims 15 to 17, wherein the first discharging
phase comprises discharging the accumulated energy in both the positive
output and the negative output sequentially, the activation of the means for
discharging the accumulated energy to the positive output being performed
after the activation of the means for discharging the accumulated energy to the
negative output.

The apparatus any one of claims 15 to 19, further comprising:

- means for generating a third control signal (DC3) configured to be based on,
at least, the first control signal and the second control signal;

- means for initiating a second discharging phase (DISCHGsmuL) of
discharging the energy accumulated in the SIBOBB to the positive output in a
boost-type configuration of the SIBOBB and to the negative output in a buck-
type or boost-type configuration of the SIBOBB simultaneously, configured to
be based on a simultaneous monitoring of the first control signal, the second
control signal and the third control signal, during which second discharging
phase, an amount of energy to be discharged by the SIBOBB is controlled by a
second duty cycle of the second control signal and a third duty cycle of the

third control signal; and,



WO 2014/056971 PCT/EP2013/071023

21.

22.

23.

24.

25.

42

wherein, means for initiating the charging phase are activated before the
activation of means for initiating the second discharging phase

The apparatus of claim 20, wherein the second discharging phase comprises
discharging the accumulated energy in both the positive output and the
negative output simultaneously, and wherein the activation of means for
initiating the second discharging phase is performed before the activation of
means for initiating the first discharging phase.

The apparatus of claim 20, wherein the second discharging phase comprises
discharging the accumulated energy in both the positive output and the
negative output simultaneously, and wherein the activation of means for
initiating the second discharging phase is performed after the activation of
means for initiating the first discharging phase.

The apparatus of any one of claims 15 to 22, wherein the first, second and
third control signals (DC+, DC2, DC3) are generated by a Pulse Width
Modulation, PWM, modulator (202, 204, 213) based on respective comparison
signals, wherein at least some of the comparison signals are saw-tooth signals
or triangular signals.

A display integrated circuit comprising:

- a display panel (600);

- a Single Inductor Bipolar Output Buck-Boost converter, SIBOBB, (1000);

- a processor (4000); and,

- an apparatus as defined in any one of claims 15 to 23, wherein the display
panel and the apparatus are controlled by the processor, the display panel is
powered by the SIBOBB and the SIBOBB is controlled by the apparatus.

A wireless device comprising the display integrated circuit as defined in claim
24.
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