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FAST POWER-UP SCHEME FOR CURRENT MIRRORS
BACKGROUND
[0001] Power supplies are used in all areas of electronics. In many cases, a type of current mirror
is employed. In a current mirror, the current in one branch of a circuit can be automatically
controlled, at least partially, by the current in a different branch of the circuit. The actual circuits
necessary to create a current mirror can be very simple, and power can be supplied to multiple
different circuits through this technique. Depending on the number and type of circuits to which
power is supplied by the current mirror, the combination of circuits can create a capacitance that
serves to slow down start-up power supplied by the current mirror. By automatically discharging
the charge related with this capacitance, the start-up delay can be reduced.
SUMMARY
[0002] A power circuit implementing a fast power-up scheme for current mirrors is presented
herein. The power circuit includes a first current mirror circuit with first and second current paths.
The current through the first current path is used to control the current through the second current
path. The power circuit further includes a second current mirror circuit, with third and fourth
current paths, with the current passing through the third current path used to control the current
passing through the fourth current path. The second and third current paths are aligned such that
a majority of the current passing through the second current path is the same as a majority of the
current passing through the third current path. The power circuit further includes an automatic
discharge configured to enable fast start-up of the current through the third and fourth current
paths.
[0003] An additional fast power-up power circuit is further disclosed that includes a first current
mirror circuit. The first current mirror circuit includes a first current path passing through a p-type
Field Effect Transistor (FET) and a second current path passing through a second p-type FET and
a first n-type FET. The current mirror circuit is configured to control the current in the second
current path based at least in part on the current passing through the first current path. The power
circuit further includes a second current mirror circuit, which includes the second current path and
a third current path passing through a second n-type FET. The second current is configured to
control the third current passing through the third current path. The third current provides power
to a feed circuit. The power circuit also includes an automatic discharge configured to enable fast

start-up of the third current.



WO 2024/006158 PCT/US2023/026038

[0004] A system is also disclosed that comprises a power source which feeds a feed circuit. The
power circuit and feed circuit combine to present a capacitance. The power source includes an
enable switch configured to allow the power source to provide power to the feed circuit when the
enable switch is enabled. The power source further includes a discharge circuit which is
configured to discharge a charge associated with the capacitance when the enable switch is
enabled. The discharge circuit automatically creates a connection with a discharge source when
the enable switch is enabled and automatically disconnects the connection with the discharge
source when the charge is sufficiently discharged such that a provision of power to the feed circuit
is not limited based on the capacitance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments of the present technology will be described and explained through the use
of the accompanying drawings in which:

[0006] FIG. 1 is ablock diagram of an implementation;

[0007] FIG. 2 is a schematic diagram of a current mirror,

[0008] FIG. 3 is a schematic diagram of an implementation;

[0009] FIG. 4 is a schematic diagram of an implementation; and

[0010] FIG. S is a graphical depiction of fast start-up in an implementation.

[0011] The drawings have not necessarily been drawn to scale. Similarly, some components
and/or operations may be separated into different blocks or combined into a single block for the
purposes of discussion of some of the embodiments of the present technology. Moreover, while
the technology is amenable to various modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and are described in detail below. The
intention, however, is not to limit the technology to the particular embodiments described. On the
contrary, the technology is intended to cover all modifications, equivalents, and alternatives falling
within the scope of the technology as defined by the appended claims.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0012] A system diagram of an implementation is shown in FIG. 1. Circuits 125, 130 and 135
are shown. While three circuits 125, 130 and 135 are shown, the system 100 could include any
number of circuits. These circuits may be independent circuits, physically separated from the other
elements of system 100. If the circuits are physically separated, then they may still be electrically

connected, such as by wire, to at least some of the remaining elements of system 100. Circuits
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125, 130 and 135 may alternately be physically combined with one or more of the remaining
elements of system 100. For example, circuits 125, 130 and 135 may be on the same circuit board
as the remaining elements of system 100, or, alternatively, circuits 125, 130 and 135 may be a part
of the same integrated circuit as one or more of the remaining elements of system 100. Circuits
125, 130 and 135 are connected to current source 120 to draw power. This connection may be
accomplished through wires, metallic traces, wirelessly, or any other way. The current source 120
may supply the same or similar current to each of circuits 125, 130 and 135, or current source 120
may be configured to supply power differently to one or more of circuits 125, 130 or 135. This
difference may be manually configured, or may be automatic. For example, current source 120
may include a current mirror device that controls the current supplied to circuits 125, 130 and 135.
Circuit 125 may require a large amount of power at the provided current rate, while circuit 130
may only require a small amount of power at the provided current rate. By controlling the current
through the current mirror device in current source 120, current source 120 can automatically
control the power supplied to circuits 125 and 130. Current source 120 is further attached to power
supply 105, ground 110 and enable switch 115. Power supply 105 may be any source of power,
such as a battery or line voltage. Power supply 105 may be physically located with the other
elements of system 100, or may be remote to the other elements. Ground 110 may be a physical
connection to an earth ground, or may be a local ground within a circuit. Ground 110 may be one
of several separate common grounds within a circuit, and may or may not be associated with an
actual earth ground. Ground 110 may be a common ground relative to other elements of system
100. Enable switch 115 is connected to system 100 and enables power to be supplied to circuits
125, 130 and/or 135 when itis enabled. Enable switch may be an actual switch. In an embodiment,
enable switch may be a transistor that allows current flow when a voltage is applied to the
transistor. Current source 120 can be any type of current source capable of supplying power to
circuits 125, 130 and 135. For example, current source 120 may be configured as current source
200, shown in FIG. 2, current source 300, shown in FIG. 3, or current source 400, shown in FIG.
4. Many other implementations are also possible.

[0013] FIG. 2 illustrates an implementation of a current source 200. Current source 200 shows
a voltage supply node 205 and voltage supply node 210. Voltage supply nodes 205 and 210 may
be the coupled to the same power source, or may be coupled to different sources providing

substantially similar voltages. Each of voltage supply node 205 and 210 may be coupled to a
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power source, such as a battery or other voltage source. Ground node 215 is also shown. As
described above, ground may be a reference to an actual earth ground, or a circuit ground, common
or otherwise. Various transistors, such as bias FET 225, output FET 235, bias FET 240, enable
FET 250, output FET 280 and output FET 285 are shown. While these elements are shown as
FETs, it should be understood that they could also be implemented with bipolar junction transistors
(BJTs) or insulated-gate bipolar transistors (IGBTs), or any other circuit element capable of
providing a similar effect. Similarly, while a particular arrangement of p-type and n-type FETs is
shown, one of ordinary skill in the art should recognize that a different arrangement of n-type and
p-type FETs or bipolar junction transistors could be used to achieve the same or similar results.
The description of particular arrangements is not meant to limit this disclosure to those
arrangements disclosed. Rather, the particular arrangements are described in order to properly
convey the ideas presented herein.

[0014] A FET is a type of transistor that uses an electric field to control the flow of current in a
semiconductor. An n-type FET uses allows flow of electrons between the source and drain
terminals when a gate terminal in enabled. A p-type FET allows flow of holes between the source
and drain terminals when the gate terminal is enabled. These distinctions, along with many others,
can be used by one of ordinary skill in the art to design a well-functioning current source.

[0015] In current source 200, two n-type FETs, bias FET 225 and output FET 235 are utilized
to create a first current mirror circuit, shown as outline 270. Connection 230 connects the drain
terminal of bias FET 225 with the gate terminal of bias FET 225 and the gate terminal of output
FET 235. The gate terminals of bias FET 225 and output FET 235 control the current allowed
through bias FET 225 and output FET 235. Thus, by connecting the gate terminals together, bias
FET 225 and output FET 235 are configured to allow corresponding current flows through the
corresponding circuit branches. If bias FET 225 and output FET 235 are identical in construction,
then the current allowed through each branch of the circuit would be identical. In some cases, bias
FET 225 and output FET 235 may be different from each other. By way of example, in some
cases, the width of the channel in output FET 235 may be twice the width of the channel in bias
FET 225, allowing the current through output FET 235 to be controlled at twice the current through
bias FET 225. By connecting the drain terminal of bias FET 225 to the gate terminals of bias FET
225 and output FET 235, the current allowed through output FET 235 can be tied to the actual
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current passing through bias FET 225 This allows a target current (provided by current source
220) to be used to control the current allowed through output FET 235.

[0016] Current source 200 includes a second current mirror circuit, shown as outline 275. Bias
FET 240, output FET 280 and output FET 285 are electrically connected at the gate terminals,
comprising gate node connection 255. Bias FET 240, output FET 280 and output FET 285 are
shown as p-type FETs, but one of skill in the art would understand that, with different design
considerations, these all the transistors shown and discussed herein may be replaced with different
types of transistors. As described in regard to the first current mirror, this connection allows a
correlated amount of current to pass through each of bias FET 240, output FET 280 and output
FET 285. Assuming that bias FET 240, output FET 280 and output FET 285 are identical, the
current allowed through each branch of the current mirror will be identical. If bias FET 240, output
FET 280 and output FET 285 vary in geometry, then the current allowed through each branch is
related and proportional based on the geometry. For example, if the geometry (e.g. gate/channel
width) of bias FET 240 and output FET 280 are identical, but the channel width in output FET 285
is twice as wide, then the current allowed through bias FET 240 and output FET 280 will be
identical, while the current allowed through output FET 285 will be double that of bias FET 240
and output FET 280.

[0017] In the case of the current mirror circuit shown in outline 275, p-type FETs are shown.
One of ordinary skill in the art will understand that these FETs could be redesigned to be n-type
FETs, BJTs, IGBTS, or some other circuit element with similar behavior. The drain of bias FET
240 1s connected to the gates of bias FET 240, output FET 280 and output FET 285. The current
passing through bias FET 240 is the target current for the current mirror shown in outline 275.
This current allowed through FET 280 and 285 are correlated to this target current. In an
implementation, the current passing through output FET 235 is virtually identical to the current
passing through bias FET 240. Thus, the target current provided by current source 220 can be
used to provide a target current for output FET 235, output FET 280 and output FET 285. As
discussed above, the target current for each of the output FETs may be identical to or proportional
to the target current provided by current source 220.

[0018] Current source 200 also includes an additional enable FET 250. Enable FET 250 operates
as an enable switch, and the gate of FET 250 is connected to an enable terminal 245. Providing a

logic high signal to the enable terminal 245 has the effect of turning off FET 250, allowing the
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voltage on the gate node connection 255 to adjust and thereby normalize the current through bias
FET 240, output FET 280, and output FET 285. In this way, the second current mirror shown in
outline 275 is enabled, or turned on. Likewise, when a logic low signal is provided to the enable
terminal 245, FET 250 is turned on, which pulls the voltage on the gate node connection 255 high
and turns bias FET 240, output FET 280, and output FET 285 off. Accordingly, output branches
260 and 265 of the second current mirror shown in outline 275 will not provide power to the
circuits. When enable terminal 245 is supplied a logic high signal, the current mirror will begin to
provide power to the circuits attached to output branches 260 and 265.

[0019] FIG. 2 shows 2 output branches 260 and 265. The number of output branches is not
limited to two. Current source 200 could be arranged to provide power to any number of output
branches. When many output branches are connected as part of current source 200, the capacitance
on the gate node connection 255 can be large. Additionally, depending on the particular circuits
attached to the output branches, the capacitance at the gate node connection 255 can be large even
with relatively few branches.

[0020] The capacitance at gate node connection 255 impedes the current mirror shown in outline
275 from starting up quickly when the voltage at the enable terminal 245 rises. For example, the
voltage level at the gate node connection 255 may be at or near to the voltage level of voltage
supply node 210 when enable terminal 245 is supplied with a logic low signal. Theoretically,
when enable terminal 245 is switched to a logic high signal, current begins to flow through output
branches 260 and 265. However, in light of the capacitance at gate node connection 255, minimal
current will flow through enable FET 250 until the charge at gate node connection is discharged.
This discharge occurs through current passing through output FET 235 to ground 215. In an
embodiment, output FET 235 is sized to correlate to bias FET 225 in order to create the current
mirror shown in outline 270. The size of output FET 235 limits the speed at which the charge at
gate connection node 255 can discharge, thus delaying the introduction of current to output
branches 260 and 265. In an implementation, the voltage level of gate node connection 255 will
eventually discharge to approximately 1 volt less than voltage supply node 210 when the enable
terminal 245 is at a logic high. One of ordinary skill in the art will understand that ordinary design

considerations can be used to adjust this voltage as desired.
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[0021] Turning to FIG. 3, current source 300 is shown, in which an automatic discharge circuit
370 has been added to the circuit of FIG. 2. The elements discussed above in FIG. 2 are duplicated
with the same element numbers in FIG. 3 for convenience. Discharge FET 390 is attached to the
gate node connection 255 at the source, and to ground 215 at the drain. Discharge FET 390 can
act to discharge the charge on gate node connection 255 by allowing current to flow to ground
215. Discharge FET 390 can function somewhat similarly to a switch or a variable resistor with
the gate providing an input which determines whether the switch is open or closed (in the case of
the switch), or what the resistance will be (in the case of the variable resistor).

[0022] In an implementation, when enable terminal 245 is low, the gate node connection 255 is
at or near to the voltage of voltage supply node 310. When enable terminal 245 is made high,
initially the current through sense FET 375 is very low (at least until the charge at the gate node
connection 255 discharges). The voltage at trigger 395, which can correspond to the gate of sink
FET 390 is therefore low, allowing current to flow from gate node connection 255 to ground node
315. Ground node 315 may be the same as ground node 215, or may be separate. One or both of
ground node 315 and ground node 215 may be connected to earth ground, a common ground, or
another drain. Discharge FET 390 is not limited to a certain dimension as output FET 235 is, for
example. Therefore, discharge FET 390 can be selected with dimensions that will allow quick
discharge of gate node connection 255. As gate node connection 255 discharges, the current
allowed through sense FET 375 increases, increasing the voltage presented to trigger 395. Thus,
the current allowed through discharge FET 390 will be gradually reduced, and essentially blocked
as gate connection node 255 approaches full discharge.

[0023] The geometry of the various FETs discussed above can be selected to accommodate
various circuit requirements. In an implementation, the geometries of various elements of
automatic discharge 370 are selected to allow the gate node connection 255 to quickly and
automatically discharge when the enable terminal is powered. Further, the geometries can be
selected such that the voltage at trigger 395 stays at or near the voltage of voltage supply node 210
when the circuit is in steady state after power up. In this way, the current flow from gate node
connection 255 to ground 315 remains off. In an implementation, this can be accomplished by
sizing reference FET 380 and sense FET 375 appropriately. By way of example, reference FET
380 can be sized in reference to output FET 235, such that ratio of the width of the channel of
reference FET 380 to the width of the channel of output FET 235 is 1:N. Similarly, sense FET
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375 can be sized such that the ratio of the width of the channel of sense FET 375 to the width of
the channel of bias FET 240 is 1:P. By keeping N greater than P, the voltage at trigger 395 will
be drawn to or near to the voltage of voltage supply node 210 in steady state after power up.
[0024] FIG. 4 illustrates another implementation of a current source 400 with an automatic
discharge system. Current source 400 shows a ground node 405 and ground node 410. Ground
405 may be coupled to the same as ground 410, or may be coupled to a separate ground with
substantially similar voltage. One or both of ground node 405 and ground node 410 may be
connected to earth ground, a common ground, or another drain. Voltage supply nodes 415 and
416 are also shown. Voltage supply nodes 415 and 416 may be coupled to the same power source,
or may be coupled to different sources providing substantially similar voltages. Each of voltage
supply node 415 and 416 may be coupled to a power source, such as a battery or other voltage
source. Various transistors are shown as FETs in FIG. 4. While these elements are shown as
FETs, it should be understood that they could also be implemented with bipolar junction transistors
(BJTs) or insulated-gate bipolar transistors (IGBTs), or any other circuit element capable of
providing a similar effect. Similarly, while a particular arrangement of p-type and n-type FETs is
shown, one of ordinary skill in the art should recognize that a different arrangement of n-type and
p-type FETs or bipolar junction transistors could be used to achieve the same or similar results,
depending on the design constraints. The description of particular arrangements is not meant to
limit this disclosure to those arrangements disclosed. Rather, the particular arrangements are
described in order to properly convey the ideas presented herein.

[0025] In current source 400, two p-type FETs, bias FET 425 and output FET 435 are utilized
to create a first current mirror circuit. Connection 430 connects the drain terminal of bias FET 425
with the gate terminal of bias FET 425 and the gate terminal of output FET 435. The gate terminals
of bias FET 425 and output FET 435 control the current allowed through bias FET 425 and output
FET 435. Thus, by connecting the gate terminals together, bias FET 425 and output FET 435 are
configured to allow corresponding current flows through the corresponding circuit branches. If
bias FET 425 and output FET 435 are identical in construction, then the current allowed through
each branch of the circuit would be identical. In some cases, bias FET 425 and output FET 435
may be different from each other. By way of example, the width of the channel in output FET 435
may be twice the width of the channel in bias FET 425, allowing the current through output FET
435 to be controlled at twice the current through bias FET 425. By connecting the drain terminal
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of bias FET 425 to the gate terminals of bias FET 425 and output FET 435, the current allowed
through output FET 435 can be tied to the actual current passing through bias FET 425. This
allows a target current 420 to be used to control the current allowed through output FET 435.
[0026] Current source 400 includes a second current mirror circuit, created from bias FET 440,
output FET 480 and output FET 485, which are electrically connected at the gate node connection
455. Bias FET 440, output FET 480 and output FET 485 are shown as n-type FETs, but one of
skill in the art would understand that, with different design considerations, these all the transistors
shown and discussed herein may be replaced with different types of transistors. This connection
allows a correlated amount of current to pass through each of bias FET 440, output FET 480 and
output FET 485. Assuming that bias FET 440, output FET 480 and output FET 485 are identical,
the current allowed through each branch of the current mirror will be identical. If bias FET 440,
output FET 480 and output FET 485 vary in geometry, then the current allowed through each
branch could vary. For example, If the geometry of bias FET 440 and output FET 480 are identical,
but the channel in output FET 485 is only half as wide, then the current allowed through bias FET
440 and output FET 480 will be identical, while the current allowed through output FET 485 will
be only half that amount.

[0027] The drain of bias FET 440 is connected to the gates of bias FET 440, output FET 480
and output FET 485. The current passing through bias FET 440 is the target current for the current
mirror. This current allowed through FET 480 and 485 are correlated to this target current. In an
implementation, the current passing through output FET 435 is virtually identical to the current
passing through bias FET 440. Thus, the target current 420 can be used to provide a target current
for output FET 435, output FET 480 and output FET 485. As discussed above, the target current
for each of the output FETs may be identical to or proportional to target current 420.

[0028] Current source 400 also includes enable FET 450. Enable FET 450 operates as an enable
switch, and the gate of FET 450 is connected to an enable terminal 445. By providing an input to
the enable terminal 445, the second current mirror is enabled, or turned on, providing power to
external circuits through output FET 280 and output FET 285. It should be understood that many
more output FETs which are not shown could also be utilized to provide power to many external
circuits. In an embodiment, when enable terminal 445 is turned off, output FET 480 and output
FET 485 will not provide power to the circuits. When enable terminal 445 is turned on, the current

mirror will begin to provide power to the circuits attached to output FET 480 and output FET 485.
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It should be understood that in an implementation, turning on enable terminal 445 comprises
reducing the voltage level of enable terminal to at or near that of ground 410.

[0029] Current source 400 could be arranged to provide power to any number of external circuits
through output FETs. When many external circuits are connected to current source 400, the
capacitance on the gate node connection 455 can be large. Additionally, depending on the
particular circuits attached to the output FETs 480 and 485, the capacitance at the gate node
connection 455 can be large even with relatively few branches.

[0030] The capacitance at gate node connection 455 impedes current source 400 from starting
to provide power to external circuits quickly. For example, the voltage level at the gate node
connection 455 is at or near to the voltage level of ground 410 when enable terminal 445 is
provided a logic high signal, allowing current through enable FET 450. Theoretically, when enable
terminal 445 is switched to a logic low signal, enable FET 450 is turned off, allowing the voltage
on the gate node connection 455 to adjust and thereby normalize the current through bias FET 440,
output FET 480 and output FET 485. In this way, current begins to flow through output FET 480
and output FET 485. However, in light of the capacitance at gate node connection 455, minimal
current will actually flow through sense FET 475 until gate node connection is charged. This
charging occurs by current passing through output FET 435 from voltage supply node 415. In an
embodiment, output FET 435 is sized to correlate to bias FET 425 in order to create a current
mirror. The size of output FET 435 limits the speed at which the gate connection node 455 can
charge, thus delaying the introduction of current to the external circuits through output FET 480
and output FET 485. In an implementation, the voltage level of gate node connection 455 will
eventually charge to approximately 1 volt higher than ground 410 when the enable terminal 445 is
on. One of ordinary skill in the art will understand that ordinary design considerations can be used
to adjust this voltage as desired.

[0031] An automatic charge 470 is also shown in FIG. 4. Charge FET 490 is attached to the
gate node connection 455 at the source, and to voltage supply node 415 at the drain. Charge FET
490 can act to charge the gate node connection 455 by allowing current to flow from voltage supply
node 415. Charge FET 490 can function somewhat similarly to a switch or a variable resistor with
the gate providing an input which determines whether the switch is open or closed (in the case of

the switch), or what the resistance will be (in the case of the variable resistor).
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[0032] TIn an implementation, when the voltage at enable terminal 445 is high, the gate node
connection 455 is at or near to the voltage of ground 410. When the voltage at enable terminal
445 is made low, initially the current through sense FET 475 is very low (at least until the charge
at the gate node connection 455 charges). The voltage at trigger 495, which can correspond to the
gate of sink FET 490 is therefore high, allowing current to flow to gate node connection 455 from
voltage supply node 416. Voltage supply node 416 may be coupled to the same as power source
as voltage supply node 415, or may be coupled to a separate power source providing substantially
similar voltage. One or both of voltage supply node 415 and voltage supply node 416 may be
connected to a voltage supply, a battery, a charged capacitor, or some other power source. Unlike
output FET 435, charge FET 490 does not need to be limited to a certain dimension by the current
mirror. Therefore, charge FET 390 can be selected with dimensions that will allow quick charge
of gate node connection 455. As gate node connection 455 charges, the current allowed through
sense FET 475 increases, decreasing the voltage presented to trigger 495. Thus, the current
allowed through charge FET 490 will be gradually reduced, and essentially blocked as gate
connection node 455 approaches full charge.

[0033] As with FIG. 3, the geometry of the various FETs shown in FIG. 4 can be selected to
accommodate various circuit requirements. In an implementation, the geometries of various
elements of automatic charge 470 are selected to allow the gate node connection 455 to quickly
and automatically charge when the enable terminal is powered. Further, the geometries can be
selected such that the voltage at trigger 495 stays at or near the voltage of ground 410 when the
circuit is in steady state after power up. In this way, the current flow to gate node connection 455
from voltage supply node 416 remains off. In an implementation, this can be accomplished by
sizing reference FET 465 and sense FET 475 appropriately. By way of example, reference FET
465 can be sized in reference to output FET 435, such that ratio of the width of the channel of
reference FET 465 to the width of the channel of output FET 435 is 1:P. Similarly, sense FET 475
can be sized such that the ratio of the width of the channel of sense FET 475 to the width of the
channel of bias FET 440 is 1:N. By keeping P greater than N, the voltage at trigger 495 will be

drawn to or near to ground 410 in steady state after power up.
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[0034] FIG. 5 demonstrates the reduced time to provide power to external circuits based on an
implementation. Graph 500 shows voltage on the y-axis and time on the x-axis. At the time
corresponding to point 505, enable terminal is turned on. Line 510 shows a delay before the
voltage drops at all after enable terminal is turned on. After a short delay, the voltage begins to
slowly drop, and eventually reaches a steady state. Line 510 illustrates a current source without
an automatic charge/discharge circuit. Line 515 represents an implementation of a current source
with an automatic charge/discharge circuit. Again, at point 505, enable terminal is turned on. At
this point, the charge/discharge FET will automatically turn on, due to the trigger being high or
low, depending on the circuit design. This causes the capacitance on the gate node connection to
rapidly charge or discharge, until the voltage at the trigger changes enough to essentially shut of
the current through the charge/discharge FET. This point can be seen at point 520. The remaining
charge/discharge will occur through the bias FET. Notably, in the implementation, the voltage
reaches desired steady-state voltage significantly faster than in the circuit without automatic
charge/discharge.

[0035] As will be appreciated by one skilled in the art, aspects of the present invention may be
embodied as a system, circuit, or method. Accordingly, aspects of the present invention may take
the form of an entirely hardware embodiment, or an embodiment combining software and

1«

hardware aspects that may all generally be referred to herein as a “circuit,” “module” or “system.”
Further, the terms charge and discharge when referring to a capacitor herein are used
interchangeably. The use of charge or discharge is not meant to limit the description to either the
addition or reduction of voltage. Rather, one of skill in the art will understand how to design a
circuit such that the capacitor will appropriately add or reduce voltage to reach the desired steady
state.

[0036] The included descriptions and figures depict specific embodiments to teach those skilled
in the art how to make and use the best mode. For the purpose of teaching inventive principles,
some conventional aspects have been simplified or omitted. Those skilled in the art will appreciate
variations from these embodiments that fall within the scope of the disclosure. Those skilled in
the art will also appreciate that the features described above may be combined in various ways to

form multiple embodiments. As a result, the invention is not limited to the specific embodiments

described above, but only by the claims and their equivalents.
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CLAIMS
What is claimed is
1. A power circuit comprising:
a sense transistor comprising a first source, a first gate and a first drain;
a bias transistor comprising a second source, a second gate and a second drain; and
a discharge transistor comprising a third source, a third gate and a third drain;
wherein the first gate is coupled to the second gate, the second drain and the third source;
the first drain is coupled to the third gate;
the third drain is coupled to a ground node; and
the first source and second source are coupled to a voltage supply node.
2. The power circuit of claim 1, further comprising:
an enable transistor comprising a fourth source and a fourth drain;
wherein the fourth drain is coupled to the first gate, the second gate, the second drain and the third
source; and
the fourth source is coupled to the voltage supply node.
3. The power circuit of claim 2, further comprising:
an output transistor comprising a fifth source, a fifth gate and a fifth drain;
wherein the fifth source is coupled to the voltage supply node; and
the fifth gate is coupled to fourth drain, the first gate, the second gate, the second drain and
the third source.
4. The power circuit of claim 3, wherein the fifth drain is connected to an external circuit.
5. The power circuit of claim 1, further comprising:
a second bias transistor, comprising a sixth gate, a sixth source and a sixth drain;
a reference transistor, comprising a seventh gate, a seventh source and a seventh drain;
a second output transistor, comprising an eighth gate, an eighth source and an eighth drain;
wherein the sixth drain is coupled to the sixth gate, the seventh gate and the eighth gate;
the seventh drain is coupled to the first drain and the third gate; and
the eighth drain is coupled to the first gate, the second gate, the second drain and the third
source.
6. The power circuit of claim 5, further wherein the sixth source, the seventh source and the

eighth source are coupled to the ground node.
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7. The power circuit of claim 1, wherein the sense transistor, the bias transistor and the
discharge transistor are n-type field effect transistors.
8. The power circuit of claim 1, wherein the sense transistor, the bias transistor and the
discharge transistor are discrete electronic components.
9. A power circuit comprising;
a sense transistor comprising a first source, a first gate and a first drain;
a bias transistor comprising a second source, a second gate and a second drain; and
a charge transistor comprising a third source, a third gate and a third drain;
wherein the first gate is coupled to the second gate, the second drain and the third source;
the first drain is coupled to the third gate;
the third drain is coupled to a voltage supply node; and
the first source and second source are coupled to a ground node.
10. The power circuit of claim 9, further comprising:
an enable transistor comprising a fourth source and a fourth drain,;
wherein the fourth drain is coupled to the first gate, the second gate, the second drain and the third
source; and
the fourth source is coupled to the ground node.
11. The power circuit of claim 10, further comprising:
an output transistor comprising a fifth source, a fifth gate and a fifth drain;
wherein the fifth source is coupled to the ground node; and
the fifth gate is coupled to fourth drain, the first gate, the second gate, the second drain and
the third source.
12.  The power circuit of claim 11, wherein the fifth drain is connected to an external circuit.
13. The power circuit of claim 9, further comprising:
a second bias transistor, comprising a sixth gate, a sixth source and a sixth drain;
a reference transistor, comprising a seventh gate, a seventh source and a seventh drain;
a second output transistor, comprising an eighth gate, an eighth source and an eighth drain;
wherein the sixth drain is coupled to the sixth gate, the seventh gate and the eighth gate;
the seventh drain is coupled to the first drain and the third gate; and
the eighth drain is coupled to the first gate, the second gate, the second drain and the third

source.
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14. The power circuit of claim 13, further wherein the sixth source, the seventh source and the
eighth source are coupled to the voltage supply node.

15. The power circuit of claim 9, wherein the sense transistor, the bias transistor and the charge
transistor are p-type field effect transistors.

16.  The power circuit of claim 9, wherein the sense transistor, the bias transistor and the charge
transistor are discrete electronic components.

17. An integrated circuit, comprising:

a sense transistor comprising a first source, a first gate and a first drain;

a bias transistor comprising a second source, a second gate and a second drain; and

a charge/discharge transistor comprising a third source, a third gate and a third drain;

an enable transistor comprising a fourth source, a fourth gate and a fourth drain;

an output transistor comprising a fifth source, a fifth gate and a fifth drain;

wherein the first gate is coupled to the second gate, the second drain, the third source, the fourth
drain and the fifth gate;
the first drain is coupled to the third gate;
the first source is coupled to the second source and the fourth source and fifth source; and

the fourth gate is coupled to an enable node.

18. The integrated circuit of claim 17, wherein the sense transistor, the bias transistor, the
charge/discharge transistor, the enable transistor and the output transistor are n-type field
effect transistors.

19. The integrated circuit of claim 17, wherein the sense transistor, the bias transistor, the
charge/discharge transistor, the enable transistor and the output transistor are p-type field

effect transistors.
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20. The integrated circuit of claim 17, further comprising
a second bias transistor, comprising a sixth gate, a sixth source and a sixth drain;
a reference transistor, comprising a seventh gate, a seventh source and a seventh drain;
a second output transistor, comprising an eighth gate, an eighth source and an eighth drain;
wherein the sixth drain is coupled to the sixth gate, the seventh gate and the eighth gate;
the seventh drain is coupled to the first drain and the third gate;
the eighth drain is coupled to the first gate, the second gate, the second drain, the third
source, the fourth drain and the fifth gate; and

the sixth source is coupled to the seventh source and the eighth source.

16



WO 2024/006158

PCT/US2023/026038
1/5
Vdd
105\)-|—
EXTERNAL |~ 125
115 CIRCUIT
N CURRENT 130
ENGAGE SOURCE EXTERNAL |~
CIRCUIT
120
EXTERNAL
CIRCUIT N.135
110"~

FIG. 1



PCT/US2023/026038

WO 2024/006158

2/5

- _~SGlI¢
r=—=—=—== r——=—=—= ﬂ ||||||||| % ||||||||| |_
| | | | | | |
1l _ 1l ! i | i SN Loz
! ! ! _ P I -oez 1 |
| | | | I I
_ _ _ _
_ _ _ | L - .
_ _ _ _
I [zLno™aw | I [11no7an | GGe
........ i | i | I / _ (N oz

| —Hh-g8z | | P08z | R o1z
_ _ _ _

A _ _ _ 057
_ _ _ _

al¢ _ _ _ _ S NE
_ _ _ | —» \
I I I | are
| | | |
— |N| —_— — |N| —_— ]
GOz 092 oo~ OkC P-502

00¢



PCT/US2023/026038

WO 2024/006158

[m————————T——-- 1

< | < | -

e | —qpose! sz

_ " - _-SIE _ " _~0€2
G6E
| L~ 06€ S |
I V_ |
oto7g ! !
_ _ / _ “ _ “
~hcgz —~Ih-0gz ooz | G/ 1 _
052 ! |
| |
- N3 | |
Gk " “
L . i.ﬂ/||._
SNL 0.€

PPA

00€

QN

%.\n// G0c



PCT/US2023/026038

WO 2024/006158

4/5
—>

Ocv

.ﬂ\o_\v
P Hom.v . 1 IIIIIIIIIIII |_
y ! |
S gep _ _
- _\mwv - _\owv 14% N _\ovv_ mmv/_ > I
| | — | @
[ |
| |
f | lqpooey | SO
[ | |
| L oew
_ _ /
| gy |
L " _ | _
- Ngey | ~ID-goy | sey—1ke
l l
_IIII\N.III ||||| -
LGy



PCT/US2023/026038

WO 2024/006158

5/5

009




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/026038

A. CLASSIFICATION OF SUBJECT MATTER
INV. GO5F3/26

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO5F

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

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

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 2007/210858 Al (ANG JUSTIN [SG])

13 September 2007 (2007-09-13)
paragraphs [0035], [0036], [0039],
[0040]; figure 3

US 5 969 549 A (KIM DAE JEONG [KR] ET AL)
19 October 1999 (1999-10-19)

column 2, line 47 - column 4, line 19;
figure 2

I:‘ Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international wyr

filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other g
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other

means

"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance;; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the documentis =~
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search

13 September 2023

Date of mailing of the international search report

20/09/2023

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

Authorized officer

Fax: (+31-70) 340-3016 Bellatalla, Filippo

Form PCT/ASA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2023/026038
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2007210858 Al 13-09-2007 SG 135975 Al 29-10-2007
Us 2007210858 A1l 13-09-2007
US 5969549 A 19-10-1999 DE 19747124 Al 07-05-1998
JP 3286226 B2 27-05-2002
JP H10133758 A 22-05-1998
KR 19980028714 A 15-07-1998
Us 5969549 A 19-10-1999

Form PCT/ASA/210 (patent family annex) (April 2005)




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

