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Title : Linear power regulator device and electronic device

Description

Field of the invention

This invention relates to a linear power regulator device and an electronic device comprising

or being connected to a linear power regulator device .

Background of the invention

In many implementations, it is often advantageous to have a power regulator that can use
either an external pass device or an internal pass device as part of the general regulator topology.
The pass device is that device in a series (as distinct from shunt) regulator that passes current from
the power source to the load. Use of an external pass device is generally done to place most of the
power dissipation on the external pass device, rather than entirely with the remainder of the
regulator, which may be on an integrated circuit (IC). The integrated circuit may or may not have
other significant power dissipation sources, so thermal management may be a system concern. An
internal pass device is usually selected when power dissipation is not a concern, and the area and
cost of the external pass device may be avoided. The topology of a series regulator using a series
pass transistor for a pass device whose low impedance terminals couple a source of power to a
load and whose high impedance terminal couples to an error amplifier that increases difference
between an output, which may or may not be scaled, and a reference signal is known.

United States Patent application publication US 2011/0095744 A1 discloses a power
regulator circuit which automatically disables an internal pass transistor when a dedicated detection
circuit detects the presence of an external pass device. The detection circuit detects a presence of
an external pass device external to the integrated circuit. The internal pass transistor is

automatically disabled when the detection circuit detects the presence of the external pass device.

Summary of the invention

The present invention provides a linear power regulator device and an electronic device
comprising or being connected to a linear power regulator device .

Specific embodiments of the invention are set forth in the dependent claims.

These and other aspects of the invention will be apparent from and elucidated with reference

to the embodiments described hereinafter.

Brief description of the drawings

Further details, aspects and embodiments of the invention will be described, by way of
example only, with reference to the drawing. In the drawing, like reference numbers are used to
identify like or functionally similar elements. Elements in the FIG. are illustrated for simplicity and

clarity and have not necessarily been drawn to scale.
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FIG. 1 schematically shows a circuit diagraman example of an embodiment of a linear power

regulator device .

Detailed description of the preferred embodiments

Because the illustrated embodiments of the present invention may for the most part, be
implemented using electronic components and circuits known to those skilled in the art, details will
not be explained in any greater extent than that considered necessary for the understanding and
appreciation of the underlying concepts of the present invention and in order not to obfuscate or
distract from the teachings of the present invention.

Referring to FIG. 1, this schematically shows an example of a linear regulator device 10. The
linear power regulator device may be arranged to provide an output voltage and/or output current
based on a reference voltage and a supply voltage. The linear power regulator device may be a
linear voltage regulator device with a low dropout voltage, which may be called a LDO device. As
shown in the example of FIG. 1, the linear power regulator device 10 may comprise a power supply
connector 16 connected, or connectable, to a power supply, such as a voltage or current supply,
e.g. a battery and/or a power outlet and/or a power generator.

The device 10 may further comprise an output connector 38. The connector 38 is connected,
or connectable to an external load (not shown), at which an output voltage may be supplied. In
particular, the output voltage and/or output current may be provided to an electronic device, or
other load, to supply it with electrical energy via the output connector 38. The external load can e.g.
be connected between the regulator output connector 38 and ground 18. In the shown example,
the device 10 is implemented an integrated circuit (IC) with one or more dies in a single package,
and the connector can e.g. be an output pin which connects a pad on a die in the package to the
outside of the package. However another suitable connector may be used.

The device 10 comprises an internal pass device 32 and is connectable with an external
connector, e.g. a pin, 34 to an external pass device 50. When in operation, the pass device 32,50
provides a connection to the power source to the external load, and regulates the power, e.g. the
current and/or the voltage, provided to the load from the power source. In this example, when
connected, the load is connected in series with the pass devices 32,50, which in turn are
connected in parallel to each other. In this example, the external load can e.g. be connected
between the regulator output connector 38 and ground 18.

The linear regulator device 10 further comprises a driver 20 having a driver output 27 at
which a drive signal is outputted in operation. The driver 20 arranged to drive (e.g. to provide a
control input of the pass device with a signal to control the current flowing through the pass device
between the current terminals thereof) the internal pass device 32 via the driver output 27, which in
this example is connected to a control terminal of the internal pass device 32. The linear power
regulator device 10 further comprises a pin, or other type of connector 34, connectable to a control
terminal of the external pass device 50. The driver output 27 is also connected to the pin 34, and
the driver device 20 is thus arranged to drive or control both the internal pass device 32 and the

external pass device 50 via the driver output 27. Since the internal pass device will behave
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differently when the external pass device 50 is present or absent, the presence of an external pass
device 50 can be detected from differences in the power passing through the internal pass device
when the external pass device 50 is present or absent, while the need for additional detection time
and/or extensive dedicated circuitry may be obviated.

The driver device 20 may be implemented in any manner suitable for the specific
implementation. The driver device may, for example as shown comprise two driver inputs, e.g.
connected as a differential input, as indicated with + and — in FIG. 1, and a single driver output 27.
The driver may comprise one or multiple stages. In the example, the driver device comprises an
input stage 22 and an output stage 24. The driver device 20 may comprise an input stage in the
form of an input amplifier 22, which may be a differential amplifier or an error amplifier. A
differential amplifier and/or an error amplifier may comprise a non-inverting input and an inverting
input. The inputs of the differential amplifier or error amplifier may be considered to be the driver
inputs of the driver device and/or the inputs of the input stage of the driver device. An output of
input amplifier 22 may be connected to an input of an output stage in the form of a buffer stage 24
and the output of the buffer stage may form the output 27 of the driver device 20. As shown, the
stages, i.e. in this example the input amplifier 22 and/or the buffer 24, may be connected to the
power supply connector 16 and the ground connection 18 to be provided with power.

The driver device 20 may further comprise a compensation resistor 26 and a compensation
capacitor 28 arranged in series and connecting a connection node 25 (between the output of input
amplifier 22 and the input of buffer 24) to the power supply connector 16.

The linear power regulator device 10 may comprise an output capacitor (not shown)
connected to the output connector 38 and ground 18 or an external capacitor may be connected to
the output connector 38 and ground 18 to operate as output capacitor. In the shown example, the
linear power regulator device comprises a voltage divider, formed by resistors 40,42, which are
connected between a power terminal of the internal pass device 32 and ground, and are thus
connected in parallel to an external output capacitor when present. The output capacitor may be
present in order to provide an output pole of the linear power regulator device 10, e.g. a fixed
frequency pole. The linear power regulator device 10 is arranged to load the output capacitor
during a start-up phase, i.e. during the phase in which the output capacitor is being loaded after a
corresponding enable function has been activated. There may be provided suitable resistors to
accompany the capacitors.

As shown, the deice 10 may further comprise a discharge device 44, in this example may a
transistor, e.g. NMOS transistor. The discharge device 44 may be connected to a discharge
connection 46. Via discharge device 44 and discharge connection 46 the output capacitor may be

discharged.

The driver device 20,0r at least the input stage 22 of the driver device may have a
transconductance characteristic. The driver device and/or the input stage may have a variable
transconductance. The linear voltage regulator may be arranged to control the transconductance of

the driver device and/or the input stage based on a current value, e.g., based on an output current.
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In the shown example, one driver input, in particular a non-inverted input +, may be connected or
connectable to a reference voltage source 12, e.g., via a reference voltage node. A second driver
input, in particular an inverted input (indicated with the minus sign in FIG. 1), may be connected or
connectable to an output voltage feedback. An output voltage feedback may, e.g., be provided by a
node of the output voltage divider 40,42.

The pass devices 32, 50 may be connected in any suitable manner and be any suitable type
of pass device. The pass device may be arranged to provide an output voltage and/or output
current controlled by the driver device, and for example be connected with a first current terminal to
the supply 16 and with a second current terminal to the load, while a control terminal is connected
to the driver device 20. The power passing through the pass device from the first current terminal to
the second current terminal, e.g. the current flowing, may be controlled by a signal, e.g the voltage,
provided at the control input. The driver output 27 of the driver device 20 may be connected or
connectable to a control input of the respective pass device, which in particular may be a base
electrode or gate electrode of a transistor of a pass device.

The pass devices may be arranged to provide an output voltage and/or output current
according to a signal provided by a driver device to the control input, e.g., a base electrode or a
gate electrode, of the respective pass device. The signal may be provided via the driver output
without a further active component being arranged between the driver output and the control input
of the respective pass device.

The linear power regulator device may be arranged such that the control inputs of the
external pass device and the internal pass device receive a voltage or signal which from a practical
standpoint is the same, although for the respective application immaterial differences may be
present. For example, the voltage applied at the control input of the internal pass device may be
lower than the threshold voltage of the internal pass device when an external pass device is
connected and/or operating. The internal pass device may be arranged such that its threshold
voltage Vth, i.e. the voltage at the control input at which the device opens and passes current, is
larger than a voltage at the external connector 38, for example larger than a base-emitter voltage of
a transistor of an external pass device. In such case, suitable components, in particular passive
components like one or more resistors, may be provided to ensure that the threshold voltage of the
control input of the internal pass device is larger than the voltage applying at its control input if an
external pass device is connected and/or operating and/or than the voltage at a control input of an
external pass device the control input of the external pass device is connected to and/or at the
external connector.

The internal and/or external pass device may for example comprise one or more transistors.
For example, the internal pass device may be implemented on the same integrated circuit and/or
die as the linear power regulator device, in particular on the same integrated circuit as the driver
device. An internal pass device may e.g. comprise one or more transistors, in particular one or
more MOS transistors, e.g. one or more PMOS transistors. As shown, the external pass device
may be implemented separately of the driver device in any suitable manner, e.g., on a separate

integrated circuit and/or die and/or as a discrete component, for example as a transistor, such as a
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bipolar transistor, for example a PNP or NPN bipolar junction transistor. The external pass device
may e.g. serve to avoid heat dissipation in the linear power regulator device and/or to provide a
larger output current to the load. Also, an external pass device which can switch faster than the
internal pass device may be used, for example an external bipolar device (generally faster to switch
than a field effect transistor) may be used when a field-effect transistor is present as internal pass
device

The external pass device may be connected in any suitable manner to the regulator device
10. As shown, the linear power regulator device may comprise external connectors 34,36,38
arranged to be connected, or connectable, to the external pass device. For example, a first external
connector 34 may be connected or connectable to a control electrode of the external pass device
50, such as to a base electrode. The linear power regulator device 10 may comprise a second
external connection 36. A first current electrode, in particular an emitter electrode, of the external
pass device 50 may be connected to the second external connection 36. There may be provided a
third external connector 38 arranged to connect to another current electrode of the external pass

device, e.g., a collector electrode, and to a load.

As stated above, in the shown example the presence of an external pass device 50 can be
detected from differences in the power passing through the internal pass device when the external
pass device 50 is present or absent, while the need for additional detection time and/or extensive
dedicated circuitry may be obviated. The presence may be detected in any manner suitable for the
specific implementation.

For example, as shown in FIG. 1, the linear power regulator device 10 may comprise a
current limiting device 52 arranged to limit the power passed through, e.g. as current flowing
through, the internal pass device and/or the external pass device to remain below a respective
predetermined threshold value. Such a current limiting device may be present anyway to protect
the pass device and/or the load from an overcurrent, and hence the need for additional circuitry can
be obviated. The threshold value for the current limit for the external pass device may be different
from the value for the internal pass device. The threshold values may be defined such that they are
reached during start-up, when the output capacitor is loaded. The threshold value for the internal
pass device may be predetermined such that the current flowing through an internal pass device is
limited during start-up if no external pass device is present. An external current limit for an external
pass device may be predetermined such that the current going through an external pass device is
limited during start-up if an external pass device is present.

The linear power regulator device 10 and/or the current limiting device 52 may be arranged
to provide a signal or flag indicating when an output current is limited. In particular, the current
limiting device 52 may be arranged to set an internal limit flag indicating that the current flowing
through the internal pass device being limited and/or to set an external limit flag indicating that a
current flowing through an external pass device being limited. The current limiting device and/or the
linear power regulator device may comprise an internal limit flag connection 56 and/or an external

limit flag connection 54 via which the corresponding signals or flags may be provided. An electronic
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device may be arranged to be connected to the internal current limit connection 56 and/or the
external current limit connection 58 to receive corresponding signals.

The current limiting device may be implemented in any manner suitable for the specific
implementation. The current limiter may for example comprise a transistor of which the control
input, e.g. gate or base, is connected to a suitable passive sense circuit that senses the current
drawn through the transistor and controls the transistor as a function of the drawn current to ensure
that the current remains below a current threshold. In the shown example, for instance, the current
limiting device 52 is connected to the second external connection 36 via a connection. A second
connection, parallel to this connection line, connects the second external connection 36 via a
resistor 60 to power supply connector 16. The first current terminal of the internal pass device 32 is
connected to the current limiting device 52 via a connection. As shown, a second connection, in
parallel to that connection, connects the first current terminal of the internal pass device 32 to the
power supply connector 16 via a resistor 58. Thus if a current flows to the output connection 38
(i.e. the output capacitor), a corresponding current flows via the resistor 60 or the resistor 58,
depending on whether the output current flows via the internal pass device 32 or the external pass
device 50. Accordingly, the current may be detected and/or limited by the current limiting device 52.

The linear power regulator device 10 may comprise or be connected to a reference voltage
source providing a reference voltage via a reference voltage connection 12. The reference voltage
source may, for example, be a band-gap reference. The reference voltage source may be part of
the linear power regulator device, or it may be implemented separately.

Herein after, a method of regulating power provided linearily, as may be performed by the
example of FIG. 1 is described. Initially, the linear power regulator device, may be operating as it
may be turned on so that an output capacitor (not shown) may be loaded, for example by an
enable device 14 via which the regulator device 10 is switched on, such as by closing a switch
between the power supply and power supply connector 16.

If no external pass device 50 is present, there may be a strong differential voltage applying
to the driver device 20, in particular the input amplifier 22. The internal pass device 32 may be
driven by the driver output 27 to load the output capacitor with a large current. This current may be
limited by the current limiting device 52, which may be arranged to provide a corresponding signal
via the internal current limit connection 56. That the internal pass device 32 is used during start-up
may be determined based on the presence of a corresponding internal current limit signal. In this
case, it may be assumed that no external pass device 50 is present or operably connected to the
linear power regulator device 10. On the other hand, when an external pass device 50 is present,
the output capacitor may be loaded via the external pass device 50. This can be due to the external
pass device 50 switching faster than the internal pass device 32, in particular if the external pass
device 50 comprises a bipolar transistor. Alternatively or additionally, this can be due to the
minimum voltage required at the control input of the external device 50 to enable power passing
through the external pass device being lower than the threshold voltage Vth at which the internal

pass device 32 starts passing power.
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When the external pass device 50 passes power and the the internal pass device 32 does
not, the current flowing through the external pass device 50 could be limited and the current
through the internal pass device 32 would not. Thus, the current limiting device 52 provides a
corresponding external current limit flag via external current limit connection 54 and does not
provide an internal current limit flag via internal current limit connection 56.

Since, if the threshold voltage of the internal pass device 32 is larger than the voltage
applying at the control input of the external pass device 50, the internal pass device is turned off
the need for a switch or a dedicated detection device detecting whether an external pass device is
present or not to switch off the internal pass device 32 is obviated.

Furthermore, the already present current limiting device 52 may be arranged to indicate via
corresponding current limit flags or signals whether an external pass device 50 is present or not.
The linear power regulator device allows automatic detection whether an external pass device is
present or not, provides a corresponding signal and automatically ensures that an internal pass
device is not used when an external pass device is present without additional circuitry to detect
and/or switch pass devices or providing signals being necessary. Accordingly, the linear power
regulator device is compact and does not require additional power.

An electronic device may comprise or be connected to a linear power regulator device ,
which may be a device as described herein above. The electronic device comprises an external
pass device, which may be connected or connectable to the linear power regulator device . The
electronic device may comprise a controller, which may be connected or connectable to the internal
current limit connection 56 and/or the external current limit connection 54. The controller is
arranged to determine whether an external pass device 50 is connected to the linear voltage
regulator 10 based on signals received via the connections 54, 56, in particular during a start-up of
the linear power regulator device 10. In particular, the controller may be arranged to determine that
an external pass device 50 is present, if during start-up an external current limit flag is provided
and/or no internal current limit flag is provided. The controller may be arranged to determine than
no external pass device 50 is present, if during start-up an internal current limit flag is provided
and/or no external current limit flag is provided. The controller may be arranged to determine during
a pre-determined period of time around and/or after commencement of the start-up which current
limit flag is provided. In the example, the controller determines a fault if during start-up the external
current limit flag and the internal current limit flag are provided or if neither of these flags is
provided.

In the foregoing specification, the invention has been described with reference to specific
examples of embodiments of the invention. It will, however, be evident that various modifications
and changes may be made therein without departing from the scope of the invention as set forth in
the appended claims, and that the claims are not limited to the specific examples shown or

described.

The connections as discussed herein may be any type of connection suitable to transfer

signals from or to the respective nodes, units or devices, for example via intermediate devices.
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Accordingly, unless implied or stated otherwise, the connections may for example be direct
connections or indirect connections. The connections may be illustrated or described in reference
to being a single connection, a plurality of connections, unidirectional connections, or bidirectional
connections. However, different embodiments may vary the implementation of the connections. For
example, separate unidirectional connections may be used rather than bidirectional connections
and vice versa. Also, plurality of connections may be replaced with a single connection that
transfers multiple signals serially or in a time multiplexed manner. Likewise, single connections
carrying multiple signals may be separated out into various different connections carrying subsets
of these signals. Therefore, many options exist for transferring signals. A connection may refer to a
pin or port or pad arranged to be connected to a complementary connection to transfer electrical
signals and/or to provide a voltage and/or current.

Although specific conductivity types or polarity of potentials have been described in the
examples, it will be appreciated that conductivity types and polarities of potentials may be reversed.

Each signal described herein may be designed as positive or negative logic. In the case of a
negative logic signal, the signal is active low where the logically true state corresponds to a logic
level zero. In the case of a positive logic signal, the signal is active high where the logically true
state corresponds to a logic level one. Note that any of the signals described herein can be
designed as either negative or positive logic signals. Therefore, in alternate embodiments, those
signals described as positive logic signals may be implemented as negative logic signals, and
those signals described as negative logic signals may be implemented as positive logic signals.

Those skilled in the art will recognize that the boundaries between logic blocks are merely
illustrative and that alternative embodiments may merge logic blocks or circuit elements or impose
an alternate decomposition of functionality upon various logic blocks or circuit elements. Thus, it is
to be understood that the architectures depicted herein are merely exemplary, and that in fact
many other architectures can be implemented which achieve the same functionality. For example,
the driver device may comprise only an input stage or comprise additional component device
arranged between the driver inputs and the driver output.

Any arrangement of components to achieve the same functionality is effectively "associated"
such that the desired functionality is achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as "associated with" each other such that the desired
functionality is achieved, irrespective of architectures or intermedial components. Likewise, any two
components so associated can also be viewed as being "operably connected," or "operably
coupled," to each other to achieve the desired functionality.

Also for example, in one embodiment, the illustrated examples may be implemented as
circuitry located on a single integrated circuit or within a same device. For example, the linear
power regulator device and an external pass device may be implemented in one electronic device.
Alternatively, the examples may be implemented as any number of separate integrated circuits or
separate devices interconnected with each other in a suitable manner. For example, an external

pass device may be arranged in a device separate from the linear power regulator device .
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Also for example, the examples, or portions thereof, may implemented as soft or code
representations of physical circuitry or of logical representations convertible into physical circuitry,
such as in a hardware description language of any appropriate type.

Also, the invention is not limited to physical devices or units implemented in non-
programmable hardware but can also be applied in programmable devices or units able to perform
the desired device functions by operating in accordance with suitable program code, such as
mainframes, minicomputers, servers, workstations, personal computers, notepads, personal digital
assistants, electronic games, automotive and other embedded systems, cell phones and various
other wireless devices, commonly denoted in this application as ‘computer systems’.

However, other modifications, variations and alternatives are also possible. The
specifications and drawings are, accordingly, to be regarded in an illustrative rather than in a
restrictive sense.

In the claims, any reference signs placed between parentheses shall not be construed as
limiting the claim. The word ‘comprising’ does not exclude the presence of other elements or steps
then those listed in a claim. Furthermore, the terms “a” or “an,” as used herein, are defined as one
or more than one. Also, the use of introductory phrases such as “at least one” and “one or more” in
the claims should not be construed to imply that the introduction of another claim element by the
indefinite articles "a" or "an" limits any particular claim containing such introduced claim element to
inventions containing only one such element, even when the same claim includes the introductory
phrases "one or more" or "at least one" and indefinite articles such as "a" or "an." The same holds
true for the use of definite articles. Unless stated otherwise, terms such as “first” and “second” are
used to arbitrarily distinguish between the elements such terms describe. Thus, these terms are not
necessarily intended to indicate temporal or other prioritization of such elements The mere fact that
certain measures are recited in mutually different claims does not indicate that a combination of

these measures cannot be used to advantage.
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Claims

1. Alinear power regulator device (10), comprising:

an external connection (34) connectable, or connected, to an external pass device (50)
connected between a power source and an external load, and arranged to regulate a power
provided by said power source to said external load if said external connection is connected to the
external pass device (50);

an internal pass device (32) connectable between the power source and the external load,
and arranged to regulate said power at least when said external connection is not connected to the
external pass device; and

a driver device (20) having a driver output (27) connected to the external connection (34) and
the internal pass device (32), the driver device (20) being arranged to drive both the internal pass

device (32) and the external pass device (50) via the driver output (27);.

2. The linear power regulator device according to claim 1, the internal pass device (32)

comprising a MOS transistor, in particular a PMOS transistor.

3. The linear power regulator device according to claim 1 or claim 2, the external connection (34)
being arranged to be connected or connectable to a control input of the external pass device (50),

in particular to a base electrode of a transistor of the external pass device (50).

4. The linear power regulator device according to any one of the preceding claims, the external

pass device (50) comprising at least one bipolar transistor, in particular a PNP-transistor.

5. The linear power regulator device according to any one of the preceding claims, wherein, in
operation, the internal pass device (32) only provides power to the load when the driver device
applies a voltage that exceeds a threshold voltage (Vth), the threshold voltage being larger than a
voltage at a control input of an external pass device (50) when a current flows through the external

pass device (50).

6. The linear power regulator device according to any one of the preceding claims, further
comprising a current limiting device (52) arranged to limit a current flowing through the internal

pass device (32) and/or the external pass device (50).

7. The linear power regulator device according to claim 6, further being arranged to provide a
current limiting signal if the current flowing through the internal pass device (32) and/or the external

pass device (50) reaches a predetermined limit.

8. The linear power regulator device according to any one of the preceding claims, the linear

power regulator device (10) being arranged to detect whether an external pass device (50) is
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connected to the external connection (34) and to provide a corresponding signal during start-up of

the linear power regulator device (10).

9. The linear power regulator device according to claim 7 and 8, wherein the corresponding signal
is a signal indicating that a current through the internal pass device (32) and/or the external pass

device (50) reaches a predetermined limit during start-up.

10. An electronic device comprising or being connected to a linear power regulator device (10)

according to any one of the preceding claims.

11. The electronic device according to claim 10, the electronic device being arranged to detect the
presence of an external pass device (50) during start-up based on a signal indicating a current

being limited provided by the linear power regulator device (10).

12. The electronic device according to claim 10 or 11, further comprising an external pass device

(50) connected to the linear power regulator device (10).
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