wo 2011/028360 A2 I 10K 00 DO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

. -

(19) World Intellectual Property Organization
International Bureau

(43) Int tional Publication Dat _ 3 (10) International Publication Number
nternational Publication Date TN
e
10 March 2011 (10.03.2011) PCT WO 2011/028360 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO02M 1/32 (2007.01) HO2H 7/12 (2006.01) kind of national protection available): AE, AG, AL, AM,
HO3K 17/08 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
0 T ional Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Num O CT/US2010/044550 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
CT/US HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
5 August 2010 (05.08.2010) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
. . NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
12/554,537 4 September 2009 (04.09.2009) Us kind ofregional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(71) Applicant (for all designated States except US): ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
FREESCALE SEMICONDUCTOR INC. [US/US]; TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
6501 William Cannon Drive West, Austin, Texas 78735 EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(US). LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

(72) Inventor: and SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
(75) Inventor/Applicant (for US only): SICARD, Thierry GW., ML, MR, NE, SN, TD, TG).
[FR/US]; 2516 North Karen Drive, Chandler, Arizona Published:

85224 (US). —  without international search report and to be republished
(74) Agents: WUAMETT, Jennifer et al.; 7700 W. Parmer upon receipt of that report (Rule 48.2(g))
Lane, MD: TX32/PL02, Austin, TX 78729 (US).

(54) Title: POWER TRANSISTOR CIRCUIT

&0
0~ vy 16 i
T

u
ACTNE/SLEEF
| ouTpUT l_——'"} "
| conrroL 2
CONTROL
UNT

12 % v 3
12 2 “C)I o Lo:l REF

s

=1
o
=
S
|
il

OPEN GROUND
CONTROL

ouT

7
3 °
2] v
3% EXTERNAL | 48
LOAD
leroun| 3
PAD

7
? EXTERNAL GROUND

Fig. 1

(57) Abstract: A power transistor (44) has a first current electrode coupled to a first power supply terminal (Vbat) and a second
current electrode as an output of the circuit (10). A driver control circuit (20) is coupled between a first (19) and a second (17) in-
ternal power supply node and is coupled to a control electrode of the power transistor. A first switch (18) selectively couples the
first power supply terminal to the first internal power supply node (19). A second power supply terminal is coupled to the second
internal power supply node (17). A diode (38) has an anode coupled to the second internal power supply node. A second switch
(40) is coupled between the diode and the output of the circuit such that, when the circuit is in active mode, it selectively couples
the cathode of the diode to the output of the circuit based on whether or not the second power supply terminal is coupled to an ex-
ternal ground.
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POWER TRANSISTOR CIRCUIT

Background

Field

[0001] This disclosure relates generally to power circuits, and more specifically, to power

transistor circuits.
Related Art

[0002] Power transistors play a critical role in supplying electrical power in a controlled
manner to an electrical motor. Electrical motors are useful in a variety of applications that
can range widely. Examples include appliances, industrial applications, and automotive
applications. Providing proper control and protection of the power transistor is important for
useful and reliable operation of a motor. Thus, it is not just a matter of providing a power
transistor but circuitry that aids in issues relating to protection and control. Protection
includes avoiding excessive stress on the transistor. Excessive stress can occurin a
variety. Often they occur during at turn-on or turn-off which can occur under more than one
condition. For example, losing a ground connection and acquiring a ground connection are

events than can affect stresses applied to the power transistor.

[0003] Accordingly, there is a need for further improvements relating to stresses applied

to a power transistor.

Brief Description of the Drawings

[0004] The present invention is illustrated by way of example and is not limited by the
accompanying figures, in which like references indicate similar elements. Elements in the

figures are illustrated for simplicity and clarity and have not necessarily been drawn to scale.
[0005] The sole figure is a power transistor circuit according to an embodiment.

Detailed Description

[0006] In one aspect, a power transistor circuit includes a power transistor and a circuit
that protects the power transistor during times when the input to the power transistor is
active but the ground connection is either not yet present or becomes disconnected. This is

better understood by reference to the drawing and the following description.
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[0007] Shown in the figure is an external resistor 46 and a power circuit 10 comprising a
control unit, 12, a resistor 14, a wakeup circuit 16, a P channel transistor 18, an output
control circuit 20, a diode 22, a current source 24, a load 26, a comparator 28, an open
ground control circuit 30, an N channel transistor 32, an N channel transistor 34, a diode 36,
a diode 38, an N channel transistor 40, a resistor 42, a power transistor 44 thatis an N
channel transistor, a pad 35, and a connection 37, and an external load 46. Control unit 12
has a positive power supply terminal connected to a positive supply voltage terminal VDD,
which in this example is preferably about 5 volts, and a negative power supply terminal
connected to external ground. Control unit 12 has an output that is active to indicate that
power transistor 44 is to provide an active output. In this case, an active output is a positive
voltage that may be five volts. Resistor 14 has a first terminal connected to the output of
control unit 12 and a second terminal. Wakeup circuit 16 has an input coupled to the second
terminal of resistor 14, a positive power supply terminal coupled to a power supply terminal
Vbat, a negative power supply terminal coupled to internal ground terminal 17, and an
output. Transistor 18, which functions as a switch, has a source connected to Vbat, a gate
connected to the output of wakeup circuit 16, and a drain connected to a node 19 which may
be considered an internal power supply node. Output control circuit 20 has a first input
connected to the second terminal of resistor 14, a positive power supply terminal connected
to node 19, a negative power supply terminal connected to node 17, a second input coupled
to a source of transistor 44, an output connected to a gate of transistor 44, and a third input.
Diode 22 has a cathode connected to the second terminal of resistor 14 and an anode
coupled to node 17. Current source 24 has a first terminal coupled to a low voltage power
supply node VL which may be for having a voltage of about 2.5 volts and a second terminal.
Load 26 has a first terminal coupled to node 19 and a second terminal connected to node
17. Comparator has a positive input connected to the second terminal of current source 24,
a negative input connected to node 17, a positive power supply terminal connected to node
VL, a negative power supply terminal connected to node 17, and an output. Open ground
control circuit 30 has a first input coupled to the output of comparator 28, a first output
connected to the third input of output control circuit 20, a second input connected to the
output of wakeup circuit 16, a positive power supply terminal connected to node 19, a
negative power supply terminal connected to node 17, and an output connected to a gate of
transistor 40. Transistor 32 has a first current electrode connected to the second terminal of
current source 24, a gate connected to a bias voltage which may be 10 volts, and a second
current electrode connected to pad 35. Transistor 34 has a first current electrode connected
to node 17, a gate connected to the bias voltage, and a second current electrode connected
to pad 35. Diode 36, which is an artifact of node 17 being connected to a substrate that is p-

type and pad 35 being connected to an N well in which the N well has a junction with the
2
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substrate, has an anode connected to node 17 and a cathode connected to pad 35.
Connection 37 is the connection between external ground and pad 35. Connection 37 is not
always assured of providing the desired connection because the module that includes circuit
10 may not have the ground connection completed. Connection 37 may be a manually
removable connection or one made under electronic control. Diode 38 has an anode
connected to node 17 and a cathode. Transistor 40 has a first current electrode connected
to the cathode of diode 38, a gate connected to the second output of open ground control
circuit 30, and a second current electrode connected to an output of circuit 10. Resistor 42
has a first terminal connected to the cathode of diode 38 and a second terminal connected to
the output of circuit 10. Transistor 44 has a drain connected to Vbat and a source connected
to the output of circuit 10. The gate of transistor 44, as described previously, is connected to
output control circuit 20. External load 46 has a first terminal connected to the output of
circuit 10 and a second terminal connected to external ground. Circuit 10 may be
considered to be in two different integrated circuits; one for control unit 12 and another for
the remainder of circuit 10 which is shown as power transistor circuit 50. A variation is for
transistor 44 to be a discrete device separate from an integrated circuit in which the
integrated circuit comprises circuit 50 minus the power transistor, transistor 44. This can be
stated as circuit 10 being two integrated circuits and a discrete device and circuit 50 being
an integrated circuit and the discrete device. Circuit 10 is designed for load 46 being a

motor but it is not required for that to be the case.

[0008] In basic form and connection 37 completing the connection between pad 35 and
external ground, the operation is for control unit 12 to provide an active signal to output
control circuit 20 which, which may use processing well known to those of ordinary skill in
the art, provides a signal to transistor 44 which in turn provides a current to load 46 at a
voltage near Vbat. The voltage at Vbat, for automotive applications is likely to be 14 volts.
At the onset of this operation, circuit 10 may be in a sleep mode in which case Vbat is not
coupled to most of circuit 10 with transistor 18 being non-conductive so that node 19 is
decoupled from Vbat. Also pad 35 may not be connected to the external ground. For such
case, wake up circuit has a ground connection through node 17, diode 38, resistor 42, and
load 46. With this ground connection and being connected to Vbat, wakeup circuit 16
responds to he active output of control unit 12 and provides a signal to transistor 18 that
causes transistor 18 to couple Vbat to node 19. Open ground control circuit 30 responds to
the active output of wakeup circuit by causing transistor 40 to become conductive, improving
the grounding of node 17. With pad 35 decoupled from external ground, the positive input of
comparator 28 is at a higher voltage than the negative input. The current path to ground for

current source 24 is through transistors 32 and 34 and node 17 so node 17 has to be at a

3
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lower voltage than the output of current source 24 at the first current electrode of transistor
32. Thus comparator 28 provides a logic high output which indicates that pad 35 is
decoupled from the external ground. When such is the case, open ground control circuit 30
keeps transistor 40 conductive. Transistor 40 can be viewed as a switch. Open ground
control circuit also provides an output to output control circuit 20 that prevents output control
circuit 20 from providing an active signal to transistor 44. Thus transistor 44 is caused to be
non-conductive by circuit 50 being in the open ground condition, which is the condition when

connection 37 is not connecting pad 35 to the external ground.

[0009] When connection 37 connects pad 35 to external ground, transistor 32 couples
current source 24 directly to ground dropping the voltage on the positive input of comparator
28 below that of the negative input of comparator 28. This results in comparator 28
switching its output to a logic low. Open ground control circuit 30 responds by disabling
transistor 40 and providing an output to output control circuit 20 that allows output control to
be enabled and thus cause transistor 44 to become conductive. Load 46 then receives
current that allows it to perform its intended function. Comparator 28 thus functions to
provide a signal that indicates that ground pad 35 has been connected to the external
ground. This also lowers and stabilizes the voltage of node 17, the internal ground node,
relative to external ground. Prior to pad 35 being connected to external ground, node 17 is
coupled to ground through load 46, which may vary in its impedance, diode 38, transistor 40,

and resistor 42.

[0010] Another possibility that can occur is for the ground connection to be interrupted
while the power transistor, transistor 44, is actively supplying current to load 46. In such
case current source 24 will have its connection to external ground through pad 35 broken
causing an immediate rise in voltage and ensuring the voltage at the positive input of
comparator is at a higher voltage than the voltage at node 17 which is connected to the
negative input of comparator 28. Comparator 28 responds by switching to a logic high which
causes open ground control circuit 30 to enable transistor 40 and cause output control circuit
20 to begin causing transistor 44 to become non-conductive. With transistor 44 not yet non-
conductive the output voltage is near Vbat and effectively blocks a ground path from node 17
to load 46. Diode 22 couples node 17 to the input of output control circuit 20. Thus the input
of output control circuit 20 is only about a forward-biased PN junction drop, about 0.7 volt,
above node 17, which is the internal ground node. Thus, the voltage at the negative power
supply terminal of output control circuit 20 is only about 0.7 volt above the input voltage.

This also has the affect of causing output control circuit 20 to be non-responsive to the input

and thus speed-up the process of causing power transistor 44 to become non-conductive.
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As the output voltage to load 46 decreases, the voltage on node 17 will drop potentially
causing the input to output control circuit 20 to be sufficiently higher than the internal ground,
node 17, to allow output control circuit 20 to be responsive. By this time though, output
control circuit 20 will be disabled by the action of open ground control circuit 30 in response

to comparator 28.

[0011] Thus, there is provided the ability to effectively disable the power transistor when
the connection to external ground is not present. Transistor 40 is useful in achieving this
objective. When circuit 10 is in an active mode which in this case is when control unit 12
provides an active output to circuit 50, transistor 40 selectively couples the cathode of the
diode to the output of the circuit based on whether or not the internal ground, node 17, is
coupled to the external ground. When circuit 10 becomes active in the absence of a
detection that the internal ground is connected to the external ground, transistor 40 becomes
active and then becomes inactive when the internal ground is detected as having been
connected to the external ground. If during the active mode, this ground detection is lost,
transistor 40 is enabled. Transistor 40 being enabled can be considered as a switch being
closed and thus completing a connection. Circuit 50 is also effective for avoiding a problem
if the Vbat and external ground connections are reversed. Having node 17 be separated

from a direct connection to external ground is particularly useful for this purpose.

[0012] The terms "assert" or “set” and "negate” (or "deassert" or “clear”) are used herein
when referring to the rendering of a signal, status bit, or similar apparatus into its logically
true or logically false state, respectively. If the logically true state is a logic level one, the
logically false state is a logic level zero. And if the logically true state is a logic level zero,

the logically false state is a logic level one.

[0013] By now it should be appreciated that a circuit has been provided that includes a
power transistor having a first current electrode coupled to a first power supply terminal, a
second current electrode as an output of the circuit, and a control electrode. The circuit
further includes a driver control circuit coupled between a first internal power supply node
and a second internal power supply node and having an output coupled to the control
electrode of the power transistor, wherein the driver control circuit, when enabled, controls
the power transistor. The circuit further includes a first switch having a first current terminal
coupled to the first power supply terminal and a second current terminal coupled to the first
internal power supply node, wherein the first switch selectively couples the first power supply
terminal to the first internal power supply node. The circuit further includes a second power
supply terminal coupled to the second internal power supply node. The circuit further
includes a diode having an anode coupled to the second internal power supply node and a
-5-
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cathode. The circuit further includes a second switch having a first current terminal coupled
to the cathode of the diode and a second current terminal coupled to the output of the circuit,
wherein, when the circuit is in an active mode, the second switch selectively couples the
cathode of the diode to the output of the circuit based on whether or not the second power
supply terminal is coupled to an external ground. The circuit may further comprise wakeup
circuitry coupled between the first supply voltage terminal and the second internal supply
voltage node and receiving a wakeup signal, wherein, in response to the wakeup signal
being asserted to indicate a transition of the circuit from a sleep mode to the active mode is
to occur, the wakeup circuitry closes the first switch to couple the first power supply terminal
to the first internal power supply node. The circuit may have a further characterization in
which in response to the wakeup signal being asserted, the wakeup circuitry closes the
second switch to couple to cathode of the diode to the output of the circuit. The circuit may
have a further characterization in which in response to the wakeup signal being asserted, the
wakeup circuitry closes the first switch and the second switch simultaneously. The circuit
may further comprise control circuitry coupled between the first internal supply voltage node
and the second internal supply voltage node and having an output coupled to a control
electrode of the second switch, wherein, when the circuit is in active mode, the control
circuitry controls the second switch based on whether or not the second power supply
terminal is coupled to the external ground, wherein if the second power supply terminal is not
coupled to the external ground, the control circuitry closes the second switch and if the
second power supply terminal is coupled to the external ground, the control circuitry opens
the second switch. The circuit may have a further characterization in which when the circuit
is in active mode, if the second power supply terminal is coupled to the external ground, the
control circuitry enables the driver control circuit to control the power transistor. The circuit
may further comprise control circuitry coupled between the first internal supply voltage node
and the second internal supply voltage node and having an output coupled to a control
electrode of the second switch, wherein when the circuit is in active mode, the control
circuitry controls the second switch based on whether or not the second power supply
terminal is coupled to the external ground, wherein if the second power supply terminal is not
coupled to the external ground, the control circuitry closes the second switch and if the
second power supply terminal is coupled to the external ground, the control circuitry opens
the second switch. The circuit may further comprise detection circuitry coupled to the
second internal power supply node which detects whether or not the second power supply
terminal is coupled to the external ground and provides an indication signal to the control
circuitry in response thereto. The circuit may further comprise a comparator having a first
input coupled to an input reference voltage and a second input coupled to the second

internal power supply node, and an output which provides the indication signal to the control
-6-
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circuitry. The circuit may further comprise a transistor having a first current electrode
coupled to the second internal power supply node, a second current electrode coupled to the
second power supply terminal, and a control electrode coupled to receive an internal bias
voltage. The circuit may further comprise a second diode having a cathode coupled to the

wakeup signal and having an anode coupled to the second internal supply voltage node.

[0014] Also described is a method of operating a circuit coupled to a first internal power
supply node and a second internal power supply node and having an output at a source of a
power transistor, wherein the first internal power supply node is selectively coupled to a first
power supply terminal, and the second internal power supply node is coupled to a second
power supply terminal capable of being coupled to an external ground. The method includes
in response to assertion of a wakeup signal to indicate a transition of the circuit from a sleep
mode to an active mode, coupling the first internal power supply node to a first power supply
terminal, wherein when the wakeup signal is negated to indicate the sleep mode, the first
internal power supply node is decoupled from the first power supply terminal. The method
further includes in response to the assertion of the wakeup signal, coupling the second
internal power supply node to the output at the source of the power transistor via a switch.
The method has a further characterization by which, after the step of coupling the second
internal power supply node to the output at the source of the power transistor in response to
the assertion of the wakeup signal, the method further includes determining whether or not
the second power supply terminal is coupled to the external ground, if the second power
supply terminal is not coupled to the external ground, maintaining the second internal power
supply node coupled to the output at the source of the power transistor via the switch by
maintaining the switch closed, and if the second power supply terminal is coupled to the
external ground, opening the switch. The method has a further characterization by which the
circuit further comprises a driver controller coupled between the first internal power supply
node and the second internal power supply node and having an output coupled to the control
electrode of the power transistor, wherein the method further includes, after the assertion of
the wakeup signal, enabling the driver controller to control the power transistor. when the
circuit is in active mode, the method further includes determining whether or not the second
power supply terminal is coupled to the external ground, if the second power supply terminal
is not coupled to the external ground, maintaining the second internal power supply node
coupled to the output at the source of the power transistor by maintaining the switch closed,
and if the second power supply terminal is coupled to the external ground, opening the
switch. The method may have a further characterization by which determining further
includes using a comparator to compare a voltage value of the second internal supply

voltage node to a reference voltage.

-7-
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[0015] Disclosed also is a circuit that includes a power transistor having a first current
electrode coupled to a first power supply terminal, a second current electrode as an output of
the circuit, and a control electrode. The circuit further includes a driver control circuit coupled
between a first internal power supply node and a second internal power supply node and
having an output coupled to the control electrode of the power transistor, wherein the driver
control circuit, when enabled, controls the power transistor. The circuit further includes a
first switch having a first current terminal coupled to the first power supply terminal and a
second current terminal coupled to the first internal power supply node, wherein the first
switch selectively couples the first power supply terminal to the first internal power supply
node. The circuit further includes a second power supply terminal coupled to the second
internal power supply node. The circuit further includes a first diode having an anode
coupled to the second internal power supply node and a cathode. The circuit further
includes a resistive element having a first terminal coupled to the cathode of the diode and a
second terminal coupled to the output of the circuit. The circuit further includes a second
switch having a first current terminal coupled to the cathode of the diode and a second
current terminal coupled to the output of the circuit, wherein the second switch selectively
couples the cathode of the diode to the output of the circuit. The circuit further includes
wakeup circuitry coupled between the first supply voltage terminal and the second internal
supply voltage node and receiving a wakeup signal, wherein, in response to the wakeup
signal being asserted to indicate a transition of the circuit from a sleep mode to an active
mode is to occur, the wakeup circuitry closes the first switch to couple the first power supply
terminal to the first internal power supply node and closes the second switch to couple to
cathode of the diode to the output of the circuit. The circuit further includes control circuitry
coupled between the first internal supply voltage node and the second internal supply
voltage node and having an output coupled to a control electrode of the second switch,
wherein, when the circuit is in active mode, the control circuitry controls the second switch by
closing the second switch if the second power supply terminal is not coupled to an external
ground and opening the second switch if the second power supply terminal is coupled to the
external ground. The circuit may further include a second diode having a cathode coupled to
the wakeup signal and having an anode coupled to the second internal supply voltage node.
The circuit may have a further characterization by which when the circuit is in active mode,
the control circuitry enables the driver control circuit to control the power transistor when the
second power supply terminal is coupled to the external ground and disables the driver
control circuit when the second power supply terminal is not coupled to the external ground.
The circuit may further include a transistor having a first current electrode coupled to the
second internal power supply node, a second current electrode coupled to the second power

supply terminal, and a control electrode coupled to receive an internal bias voltage.
-8-
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[0016] Because the apparatus implementing the present invention is, for the most part,
composed of electronic components and circuits known to those skilled in the art, circuit
details will not be explained in any greater extent than that considered necessary as
illustrated above, 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.

[0017] Although the invention has been described with respect to specific conductivity
types or polarity of potentials, skilled artisans appreciated that conductivity types and

polarities of potentials may be reversed.

[0018] Furthermore, those skilled in the art will recognize that boundaries between the
functionality of the above described operations merely illustrative. The functionality of
multiple operations may be combined into a single operation, and/or the functionality of a
single operation may be distributed in additional operations. Moreover, alternative
embodiments may include multiple instances of a particular operation, and the order of

operations may be altered in various other embodiments.

[0019] Although the invention is described herein with reference to specific
embodiments, various modifications and changes can be made without departing from the
scope of the present invention as set forth in the claims below. For example, variations in
the technigue for performing the detection of the open ground condition may be used.
Accordingly, the specification and figures are to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to be included within the scope of
the present invention. Any benefits, advantages, or solutions to problems that are described
herein with regard to specific embodiments are not intended to be construed as a critical,

required, or essential feature or element of any or all the claims.

[0020] The term “coupled,” as used herein, is not intended to be limited to a direct

coupling or a mechanical coupling.

[0021] 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.

9.
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[0022] 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.

-10-
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CLAIMS

What is claimed is:

1. A circuit, comprising:

a power transistor having a first current electrode coupled to a first power supply
terminal, a second current electrode as an output of the circuit, and a control
electrode;

a driver control circuit coupled between a first internal power supply node and a
second internal power supply node and having an output coupled to the control
electrode of the power transistor, wherein the driver control circuit, when enabled,
controls the power transistor;

a first switch having a first current terminal coupled to the first power supply terminal
and a second current terminal coupled to the first internal power supply node,
wherein the first switch selectively couples the first power supply terminal to the
first internal power supply node;

a second power supply terminal coupled to the second internal power supply node;

a diode having an anode coupled to the second internal power supply node and a
cathode; and

a second switch having a first current terminal coupled to the cathode of the diode
and a second current terminal coupled to the output of the circuit, wherein, when
the circuit is in an active mode, the second switch selectively couples the cathode
of the diode to the output of the circuit based on whether or not the second power

supply terminal is coupled to an external ground.

2. The circuit of claim 1, further comprising:
wakeup circuitry coupled between the first supply voltage terminal and the second
internal supply voltage node and receiving a wakeup signal, wherein, in response
to the wakeup signal being asserted to indicate a transition of the circuit from a
sleep mode to the active mode is to occur, the wakeup circuitry closes the first
switch to couple the first power supply terminal to the first internal power supply

node.

3. The circuit of claim 2, wherein, in response to the wakeup signal being asserted, the
wakeup circuitry closes the second switch to couple to cathode of the diode to the output of

the circuit.

-11-
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4. The circuit of claim 3, wherein, in response to the wakeup signal being asserted, the

wakeup circuitry closes the first switch and the second switch simultaneously.

5. The circuit of claim 3, further comprising:
control circuitry coupled between the first internal supply voltage node and the
second internal supply voltage node and having an output coupled to a control
electrode of the second switch, wherein, when the circuit is in active mode, the
control circuitry controls the second switch based on whether or not the second
power supply terminal is coupled to the external ground, wherein if the second
power supply terminal is not coupled to the external ground, the control circuitry
closes the second switch and if the second power supply terminal is coupled to

the external ground, the control circuitry opens the second switch.

6. The circuit of claim 5, wherein, when the circuit is in active mode, if the second power
supply terminal is coupled to the external ground, the control circuitry enables the driver

control circuit to control the power transistor.

7. The circuit of claim 1, further comprising:
control circuitry coupled between the first internal supply voltage node and the
second internal supply voltage node and having an output coupled to a control
electrode of the second switch, wherein when the circuit is in active mode, the
control circuitry controls the second switch based on whether or not the second
power supply terminal is coupled to the external ground, wherein if the second
power supply terminal is not coupled to the external ground, the control circuitry
closes the second switch and if the second power supply terminal is coupled to

the external ground, the control circuitry opens the second switch.

8. The circuit of claim 7, further comprising:
detection circuitry coupled to the second internal power supply node which detects
whether or not the second power supply terminal is coupled to the external
ground and provides an indication signal to the control circuitry in response

thereto.

9. The circuit of claim 8, wherein the detection circuitry comprises:
a comparator having a first input coupled to an input reference voltage and a second
input coupled to the second internal power supply node, and an output which

provides the indication signal to the control circuitry.

-12-
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10. The circuit of claim 1, further comprising:
a transistor having a first current electrode coupled to the second internal power
supply node, a second current electrode coupled to the second power supply

terminal, and a control electrode coupled to receive an internal bias voltage.

11. The circuit of claim 1, further comprising:
a second diode having a cathode coupled to the wakeup signal and having an anode

coupled to the second internal supply voltage node.

12. A method of operating a circuit coupled to a first internal power supply node and a
second internal power supply node and having an output at a source of a power transistor,
wherein the first internal power supply node is selectively coupled to a first power supply
terminal, and the second internal power supply node is coupled to a second power supply
terminal capable of being coupled to an external ground, comprising:
in response to assertion of a wakeup signal to indicate a transition of the circuit from
a sleep mode to an active mode, coupling the first internal power supply node to
a first power supply terminal, wherein when the wakeup signal is negated to
indicate the sleep mode, the first internal power supply node is decoupled from
the first power supply terminal; and
in response to the assertion of the wakeup signal, coupling the second internal power

supply node to the output at the source of the power transistor via a switch.

13. The method of claim 12, wherein, after the step of coupling the second internal power
supply node to the output at the source of the power transistor in response to the assertion
of the wakeup signal, the method further comprises:
determining whether or not the second power supply terminal is coupled to the
external ground;
if the second power supply terminal is not coupled to the external ground,
maintaining the second internal power supply node coupled to the output at the
source of the power transistor via the switch by maintaining the switch closed:;
and
if the second power supply terminal is coupled to the external ground, opening the

switch.

14. The method of claim 13, wherein the circuit further comprises a driver controller

coupled between the first internal power supply node and the second internal power supply
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node and having an output coupled to the control electrode of the power transistor, wherein
the method further comprises:
after the assertion of the wakeup signal, enabling the driver controller to control the

power transistor.

15. The method of claim 12, wherein, wherein when the circuit is in active mode, the
method further comprises:
determining whether or not the second power supply terminal is coupled to the
external ground;
if the second power supply terminal is not coupled to the external ground,
maintaining the second internal power supply node coupled to the output at the
source of the power transistor by maintaining the switch closed; and
if the second power supply terminal is coupled to the external ground, opening the

switch.

16. The method of claim 12, wherein determining further comprises:
using a comparator to compare a voltage value of the second internal supply voltage

node to a reference voltage.

17. A circuit, comprising:

a power transistor having a first current electrode coupled to a first power supply
terminal, a second current electrode as an output of the circuit, and a control
electrode;

a driver control circuit coupled between a first internal power supply node and a
second internal power supply node and having an output coupled to the control
electrode of the power transistor, wherein the driver control circuit, when enabled,
controls the power transistor;

a first switch having a first current terminal coupled to the first power supply terminal
and a second current terminal coupled to the first internal power supply node,
wherein the first switch selectively couples the first power supply terminal to the
first internal power supply node;

a second power supply terminal coupled to the second internal power supply node;

a first diode having an anode coupled to the second internal power supply node and
a cathode;

a resistive element having a first terminal coupled to the cathode of the diode and a

second terminal coupled to the output of the circuit;
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a second switch having a first current terminal coupled to the cathode of the diode
and a second current terminal coupled to the output of the circuit, wherein the
second switch selectively couples the cathode of the diode to the output of the
circuit;

wakeup circuitry coupled between the first supply voltage terminal and the second
internal supply voltage node and receiving a wakeup signal, wherein, in response
to the wakeup signal being asserted to indicate a transition of the circuit from a
sleep mode to an active mode is to occur, the wakeup circuitry closes the first
switch to couple the first power supply terminal to the first internal power supply
node and closes the second switch to couple to cathode of the diode to the
output of the circuit; and

control circuitry coupled between the first internal supply voltage node and the
second internal supply voltage node and having an output coupled to a control
electrode of the second switch, wherein, when the circuit is in active mode, the
control circuitry controls the second switch by closing the second switch if the
second power supply terminal is not coupled to an external ground and opening
the second switch if the second power supply terminal is coupled to the external

ground.

18. The circuit of claim 17, further comprising:
a second diode having a cathode coupled to the wakeup signal and having an anode

coupled to the second internal supply voltage node.

19. The circuit of claim 18, wherein, when the circuit is in active mode, the control
circuitry enables the driver control circuit to control the power transistor when the second
power supply terminal is coupled to the external ground and disables the driver control circuit

when the second power supply terminal is not coupled to the external ground.

20. The circuit of claim 19, further comprising:
a transistor having a first current electrode coupled to the second internal power
supply node, a second current electrode coupled to the second power supply

terminal, and a control electrode coupled to receive an internal bias voltage.
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