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SOFT-START CIRCUIT FOR POWER 
REGULATORS 

TECHNICAL FIELD 

0001. This invention relates to electronic circuits, and 
more specifically to a soft-start circuit for power regulators. 

BACKGROUND 

0002 Linear and switch-mode voltage regulators consti 
tute fundamental building blocks of today's power manage 
ment integrated circuits (ICs). In Switch mode Voltage regu 
lators, the output Voltage is almost always Soft-started upon 
enabling the regulator. In linear and low-dropout regulators 
(LDOS), the requirements usually depend on the application, 
and can either be implemented as a soft-startup or a fast 
startup. One important requirement that can drive the need for 
soft-starting a given Voltage regulator is the prevention of 
excessive inrush currents resulting from a power-up transient. 
0003. In portable device applications which utilize Uni 
versal Serial Bus (USB) communications, prevention of 
excessive inrush currents upon startup can be very important. 
Specifically, the USB standard can impose very strict require 
ments regarding an amount of current that can be provided on 
a USB power bus. As a result, it may be highly desirable to 
soft-start one or more power regulators on the USB power 
bus. In addition, regulator controllers that rely on external 
power devices may require flexible use of a wide range of 
off-chip power devices having been provided from different 
manufacturers. Because external power devices can greatly 
vary with regard to voltage/current (V/I) characteristics, soft 
starting may be important to mitigate damage to the external 
power elements or to mitigate fault conditions due to exces 
sive inrush current. 
0004. A variety of soft-start devices have been imple 
mented to mitigate inrush current. However, there is an ever 
increasing demand for power regulation circuitry and other 
consumer electronics to operate with increased efficiency and 
at a reduced size. In addition, there is a current trend of 
integrating numerous linear, low-dropout, and Switching 
regulators into common power management ICs. Therefore, a 
soft-starting circuit having a compact and efficient design is 
desirable to reduce silicon die-are and cost. 

SUMMARY 

0005 One embodiment of the present invention includes a 
system for providing a soft-start for a power regulator com 
prising a differential transistor pair that receives an input 
current and conducts a first current through a first transistor 
and a second current through a second transistor. One of the 
first and second current changes in response to a change in the 
other to maintain a sum of the first and second current being 
Substantially equal to the input current. The system also com 
prises a comparator that provides an output signal based on a 
comparison of a first input Voltage and a second input Voltage 
associated with the first current and the second current, 
respectively. The system further comprises a current Source 
activated by the output signal to charge a capacitor that 
increases a soft-start reference Voltage associated with con 
trol of the power regulator and which controls the change in 
the other of the first and second current. 
0006 Another embodiment of the present invention 
includes a method for providing a soft-start for a power regu 
lator. The method comprises asserting an enable signal and 
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activating a current flow through a differential pair of transis 
tors in response to the enable signal. The current flow can be 
divided as a first current through a first transistor of the 
differential pair and a second current through a second tran 
sistor of the differential pair. The method also comprises 
setting a first Voltage associated with the first current across a 
first resistor and a second Voltage associated with the second 
current across a second resistor. The method also comprises 
charging a capacitor to increase a soft-start reference Voltage 
associated with control of the power regulator in response to 
the second Voltage being greater than the first Voltage. The 
method further comprises increasing the first Voltage in 
response to increasing the soft-start reference Voltage and 
coupling the Soft-start reference Voltage to an input reference 
Voltage associated with power regulation of the power regu 
lator upon the first Voltage becoming Substantially equal to 
the second Voltage. 
0007 Another embodiment of the present invention 
includes a system for providing a soft-start for a power regu 
lator. The system comprises means for generating a first cur 
rent and a second current. One of the first current and the 
second current changes in response to a change in the other of 
the first current and second current based on an increase of a 
soft-start reference voltage associated with control of the 
power regulator. A Sum of the first current and the second 
current can be substantially constant. The system also com 
prises means for generating a first Voltage and a second Volt 
age based, respectively, on the first current and the second 
current. The system also comprises means for comparing the 
first Voltage and the second Voltage and for providing an 
output signal in response to the comparison of the first Voltage 
and the second Voltage. The system further comprises means 
for charging a capacitor to increase the soft-start reference 
Voltage in response to the output signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 illustrates an example of a power regulator in 
accordance with an aspect of the invention. 
0009 FIG. 2 illustrates an example of a timing diagram 
associated with a power regulator in accordance with an 
aspect of the invention. 
0010 FIG.3 illustrates an example of a soft-start circuit in 
accordance with an aspect of the invention. 
0011 FIG. 4 illustrates an example of a universal serial 
bus (USB) power system in accordance with an aspect of the 
invention. 
0012 FIG. 5 illustrates an example of a method for soft 
starting a power regulator in accordance with an aspect of the 
invention. 

DETAILED DESCRIPTION 

0013 The present invention relates to electronic circuits, 
and more specifically to a soft-start circuit for power regula 
tors. Upon assertion of an enable signal, a bias current is 
mirrored to a differential transistor pair. The differential tran 
sistor pair can include a pair of transistors having an unequal 
ratio of width-to-length (W/L). The mirrored bias current can 
be divided between the pair of transistors unevenly based on 
respective bias Voltages at the gates of the transistors. The 
current flow through the transistors can set Voltages across 
resistors that are interconnected to ground. The Voltages can 
be provided to a comparator that provides an output signal to 
a current Supply that charges a capacitor. The Voltage across 
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the capacitor can correspond to a soft-start reference Voltage 
that can be used for a soft-start of a power regulator. 
0014. The soft-start reference voltage can also be provided 
as a bias voltage to one of the transistors of the differential 
pair. Therefore, the currents through the differential pair tran 
sistors, and thus the Voltages at the input of the comparator, 
change in response to the increase of the Soft-start reference 
Voltage. Upon the Voltages at the input of the comparator 
becoming equal, the comparator output signal deactivates the 
current Supply to the capacitor and couples the soft-start 
reference Voltage to an input reference Voltage that is associ 
ated with the power regulator. In addition, the output signal 
also sets the Voltages at the input of the comparator to latch the 
soft-start reference Voltage, thus completing the Soft-start of 
the power regulator. 
0015 FIG. 1 illustrates an example of a power regulator 10 
in accordance with an aspect of the invention. The power 
regulator 10 in the example of FIG. 1 is demonstrated as a 
low-dropout (LDO) regulator. The power regulator 10 
includes a power element 12, demonstrated as a P-type field 
effect transistor (P-FET), that interconnects an input voltage 
IN with an output voltage OUT. The output voltage OUT is 
separated from a negative Supply Voltage, demonstrated in the 
example of FIG.1 as ground, by an output capacitor Cand 
an output resistor R representing a load of the power 
regulator 10. Therefore, the magnitude of the output voltage 
OUT during power-on transients can be based on the output 
capacitor Cor that is charged by a current Ior through the 
power element 12. 
0016. A gate control of the power element 12 can be con 
trolled by a driver 14. The driver 14 can set the gate control 
Voltage of the power element 12 in response to the magnitude 
of the output voltage OUT, such that the gate control voltage 
can be adjusted to maintain a Substantially constant desired 
magnitude of the output voltage OUT. Therefore, a pair of 
feedback resistors R and Rare configured between the out 
put voltage OUT and ground to provide a feedback voltage 
V to an error amplifier 16. The error amplifier 16 is thus 
configured to monitor the feedback voltage V, relative to a 
reference Voltage V and to provide a control signal to the 
driver 14 based on the magnitude of the feedback voltage V 
relative to the reference Voltage V. As such, the driver 14 
can control the gate of the power element 12, and thus the 
current sourced by the power element 12, to maintain the 
output Voltage OUT at a magnitude that is proportional to the 
reference Voltage V. 
0017. Upon initialization of the power regulator 10, a very 
low gate control Voltage of the power element 12 can result in 
an excessive inrush magnitude of the current I due to a 
large source-to-gate Voltage Vs of the power element 12. 
Such an excessive inrush current can result in damage to, for 
example, the power element 12 and/or a source of the input 
Voltage IN (e.g., a battery). To prevent the excessive inrush 
magnitude of the current I, the power regulator 10 can 
include a soft-start circuit 18. The soft-start circuit 18 can be 
configured to slowly increase the magnitude of the reference 
Voltage V to the error amplifier 16. As a result, the refer 
ence Voltage V can be provided to the error amplifier 16 as 
a soft-start reference voltage, such that the output of the error 
amplifier 16 does not indicate a large difference between the 
feedback Voltage V and the reference Voltage V to the 
driver 14. Accordingly, as the soft-start reference Voltage 
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Vincreases, the driver 14 sets a gradually decreasing gate 
control Voltage to mitigate excessive inrush of the current 
IoUT. 
0018. The soft-start circuit 18 is powered by a positive 
Supply Voltage V, and ground, and receives an enable signal 
EN and an input reference Voltage V as inputs. The input 
Voltage V can be an input reference Voltage. Such as a 
desired bandgap reference Voltage (e.g., 1.2V) for the error 
amplifier 16. For example, the input reference VoltageVry can 
have a magnitude to which the soft-start reference Voltage 
Vultimately becomes equal at the completion of the soft 
start. Upon completion of the soft-start, the soft-start circuit 
18 can provide a completion signal DN, which can be imple 
mented by any of a variety of circuit components internal or 
external to the power regulator 10 that can indicate the 
completion of the soft-start. The enable signal EN can be a 
signal that is asserted (i.e., logic-high) to initiate the soft-start 
of the power regulator 10, such that the reference voltage 
V can begin increasing from a low Voltage potential (e.g., 
ground) to the input reference Voltage V. The enable signal 
EN can also be deasserted (i.e., logic-low) to reset the soft 
start, thus setting the magnitude of the soft-start reference 
Voltage V back to the low Voltage potential. 
0019. It is to be understood that the power regulator 10 is 
not intended to be limited to the example of FIG. 1. For 
example, the power element 12 could be configured as an 
N-type FET instead of a P-FET in the LDO regulator dem 
onstrated by the power regulator 10. In addition, it is to be 
understood that soft-start circuit 18 is not intended to be 
limited to use in a LDO regulator, but could be implemented 
in a Switching regulator, a linear regulator, or any of a variety 
of other power regulators. Therefore, the power regulator 10 
can be configured in any of a variety of ways. 
0020 FIG. 2 illustrates an example of a timing diagram 50 
associated with a power regulator in accordance with an 
aspect of the invention. The timing diagram.50 can beatiming 
diagram associated with the power regulator 10 in the 
example of FIG.1. Therefore, reference is to be made to the 
example of FIG. 1 in the following description of the example 
of FIG. 2. In addition, it is to be understood that the timing 
diagram 50 is demonstrated as an ideal timing diagram in the 
example of FIG. 2. Therefore, delays and/or variations in the 
signals such as could be inherent in the power regulator 10 in 
the example of FIG. 1 may not be demonstrated in the 
example of FIG. 2. 
0021. The timing diagram 50 demonstrates the enable sig 
nal EN, the completion signal DN, and the soft-start reference 
Voltage V. It is to be understood that the completion signal 
DN, has an opposite logic state to signify completion of the 
soft-start. Specifically, as described herein, the completion 
signal DN is asserted to indicate that the soft-start is not 
completed, and is deasserted to indicate that the soft-start is 
completed. 
0022 Prior to a time To the enable signal EN is logic-low, 
the completion signal DN is logic-high, and the soft-start 
reference Voltage V has a magnitude of Zero volts. At the 
time To the enable signal EN is asserted, thus beginning the 
soft-start of the power regulator 10. Therefore, at the time To 
the soft-start reference Voltage V begins to increase lin 
early. Accordingly, Subsequent to the time To the error ampli 
fier 16 compares the feedback voltage V with the steadily 
increasing soft-start reference Voltage V, and thus the 
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driver 14 gradually varies the gate control Voltage of the 
power element 12 to mitigate inrush of the output current 
IoUT. 
0023. At a time T, the completion signal DN is asserted, 
thus signifying the completion of the Soft-start. In addition, at 
the time T, the soft-start reference Voltage V is pulled-up 
to a Voltage potential that is approximately equal to the input 
reference Voltage V. As such, at a time subsequent to the 
time T, the error amplifier 16 compares the feedback voltage 
V with the input reference Voltage V for which the power 
regulator 10 is intended to operate in a typical, steady-state 
operation. 
0024. In the example of FIG. 2, at a time just prior to the 
time T, the timing diagram 50 demonstrates that the soft 
start reference Voltage V has a magnitude that is less than 
the input reference Voltage V by a predetermined handoff 
Voltage having a magnitude of AV. The magnitude of the 
predetermined handoff voltage AV can be set based on a 
desired slope of the Soft-start reference Voltage V versus a 
desired time at which to complete the soft-start. As an 
example, circuit design parameters that affect the slope of the 
soft-start reference Voltage V and the time T may be 
unrelated, such that a handoff of the magnitude of the soft 
start reference Voltage V from a current value to the poten 
tial of the input reference Voltage V may occur at the time 
T. regardless of the potential of the soft-start reference volt 
age V. However, as described above, the predetermined 
magnitude AV can be set based on design parameters of the 
soft-start circuit 18, as described in greater detail below. 
0025 FIG. 3 illustrates an example of a soft-start circuit 
100 in accordance with an aspect of the invention. The soft 
start circuit 100 can be configured substantially similar to the 
soft-start circuit 18 in the example of FIG. 1. Therefore, 
reference is to be made to the examples of FIGS. 1 and 2 in the 
following description of the example of FIG. 3. 
0026. The soft-start circuit 100 is configured between a 
positive Supply Voltage V, and a negative Supply Voltage, 
demonstrated in the example of FIG.3 as ground. At the time 
prior to the time To the enable signal EN is deasserted. 
Therefore, a P-FET P0 is activated to pull-up anode 102 to the 
positive supply voltage V. Accordingly, P-FETs P1, P2, 
P3, P4, and P5 are all deactivated. The enable signal EN is 
provided through an inverter 104, such that the output of the 
inverter 104 is logic-high prior to the time To. Therefore, a 
P-FET P6 is also deactivated, and an N-FET NO and an 
N-FET N1 are both activated. Thus, the N-FET NO sinks the 
soft-start reference Voltage V down to ground (i.e., 
V=0), and the N-FETN1 provides a logic-low signal to an 
inverter 106 that is formed by a P-FET P7 and an N-FETN3. 
Accordingly, the completion signal DN at the output of the 
inverter 106 is logic-high, thus indicating that the soft-start is 
not complete, and a P-FETP8that is biased by the completion 
signal DN is thus deactivated. 
0027. At the time To the enable signal EN is asserted. The 
P-FET PO becomes deactivated, and the P-FET P6 becomes 
activated. The soft-start circuit 100 includes a bias current 
source 108 that is configured to conduct a bias current Is. 
The bias current source 108 is configured in series with a 
P-FET P9 that is diode-connected (i.e., common drain-gate 
connection) and has a drain-gate that is coupled to the node 
102. Therefore, upon activation of the P-FET P6, the bias 
current Is is mirrored to each of the P-FETs P1-P5 via the 
P-FET P9. It is to be understood that the amount of current 
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through the P-FETs P1-P5 may vary relative to each other 
based on variations in the sizes of the P-FETs P1-P5 (e.g., 
W/L ratio). 
0028. A current I, flows through the P-FET P1 into a 
differential transistor pair 110 that includes a P-FET P10 and 
a P-FET P11. The current I becomes divided between the 
P-FETs P10 and P11 as currents Io, and I, respectively. 
Because the current I is constant based on the mirroring of 
the bias current Is through the P-FET P9, the sum of the 
currents Io and I is likewise constant. The currents Io 
and I also flow, respectively, through resistors R and Ra, 
which can each have Substantially equal resistance values. 
Therefore, the current Io generates a Voltage V at a node 
between the P-FET P10 and the resistor R and the current 
I, generates a voltage V at a node between the P-FET P11 
and the resistor R. 
0029. The P-FETs P10 and P11 that form the differential 
transistor pair 110 can be configured to be unequal in size. 
Specifically, the P-FETP10 can have a width-to-length (W/L) 
ratio that is greater than a W/L ratio of the P-FET P11. The 
difference in WWL ratio of the P-FETs P10 and P11 can be 
predetermined such that, at a balanced state of the differential 
transistor pair 110. Such that the current Io and the current 
I are Substantially equal, a Voltage at the gate of the P-FET 
P11 is less than a voltage at the gate of the P-FET P10. As 
described in greater detail below, the difference in gate volt 
age of the P-FET P10 and the P-FET P11 corresponds to the 
predetermined handoff voltage AV. 
0030 The voltages V and V are provided, respectively, to 
Source terminals of an N-FET N3 and an N-FET N4. The 
N-FETN3 receives a mirrored current through the P-FET P2 
and is diode-connected. The N-FET N4 receives a mirrored 
current through the P-FETP3, which is substantially equal to 
the current through the P-FETP2, and is coupled to the P-FET 
P3 at a node 112. Therefore, in the example of FIG. 3, the 
P-FET P2, the P-FET P3, the N-FETN3, and the N-FET N4 
constitute a comparator 114. The comparator 114 is demon 
strated in the example of FIG. 3 such that the voltage V, is 
provided to an inverting input '-' and the Voltage V is 
provided to a non-inverting input “+'. The node 112 is thus 
configured as an output of the comparator 114. 
0031. The comparator 114 can be configured to have a 
gain that is defined by a transconductance of the N-FETN4 
times an output-impedance observed at the node 112. The 
comparator 114 is configured to compare the Voltage V and 
the Voltage V, and to provide a logic-high or logic-low output 
signal at the node 112 that corresponds to which of the voltage 
V and V is greater. The Voltage Swing between the logic-low 
and the logic-high States of the comparator 114 can be set 
based on the magnitude of the resistors R and R. For 
example, the resistors R and R can be sized such that the 
Voltages V and V2, respectively, achieve a Voltage potential 
that is no greater than approximately 100 mV to maximize the 
Voltage Swing at the node 112. 
0032. In the example of FIG. 1, the P-FET P10 in the 
differential transistor pair 110 has a gate that is coupled to the 
input reference voltage V, and the P-FET P11 in the differ 
ential transistor pair 110 has a gate that is coupled to the 
soft-start reference Voltage V. Therefore, at the time To 
the P-FET P10 is substantially completely deactivated and the 
P-FET P11 is substantially completely activated. Thus, the 
current I, initially flows substantially entirely through the 
P-FET P11 as the current I. Accordingly, the voltage V is 
Substantially greater than the Voltage V. As a result, the 
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comparator 114 provides a logic low signal at the node 112. In 
response, the logic-low state of the node 112 activates a 
P-FET P12 and maintains the logic-low input to the inverter 
106. 

0033. Upon activation of the P-FET P13, the P-FET P4 
begins to mirror the bias current Is as a current I through 
the P-FET P12. It is to be understood that the bias current 
Is and the current I may be different relative to each 
other, as explained above. The current I, is thus provided to 
the Voltage V, and thus further increases the magnitude of the 
voltage V. In addition, the activation of the P-FET P13 
provides a mirrored current Is to flow through the P-FET 
P13. The current Is thus charges a capacitor C that inter 
connects the soft-start reference Voltage V and ground. 
Accordingly, the Voltage across the capacitor C is equal to 
the soft-start reference Voltage V, which gradually 
increases as the capacitor C is charged with the current 
Ips. 
0034. As described above, the gate of the P-FET P11 is 
controlled by the Soft-start reference Voltage V. Thus, as 
the soft-start reference Voltage V, increases, the resistance 
of the P-FET P11 begins to increase. Therefore, because the 
Sum of the currents Io and I is constant, the current Io 
begins to increase relative to the current I. As a result, the 
Voltage V, likewise begins to increase relative to the Voltage 
V. Upon the Voltage V becoming substantially equal to the 
Voltage V, the comparator 114 Switches to a logic-high out 
put at the node 112. Accordingly, at approximately the time 
T in the example of FIG. 2, the P-FET P12 and the P-FET 
P13 deactivate, and the input to the inverter 106 becomes 
logic-high. 
0035. Upon deactivation of the P-FETP12, the current I 

is no longer provided to the Voltage V. As a result, the Voltage 
V decreases relative to the Voltage V. Such as by an amount 
that is approximately equal to the current I divided by the 
transconductance of the P-FET P11. Therefore, the P-FET 
P12 acts as a shutoff switch that implements a hysteresis 
function on the comparator 114. Specifically, the shutoff of 
the P-FET P12 latches the output of the comparator 114. As 
such, a transient of the Voltage V that may occur would not 
change the state of the output of the comparator 114, thus 
would not reactivate the P-FET P12 and the P-FET P13 and 
change the state of the inverter 106. Therefore, the shutoff of 
the P-FET P12 latches the completion of the soft-start, and 
thus latches the soft-start reference Voltage V to a constant 
value, as described below. 
0036. Upon deactivation of the P-FETP13, the current Is 

is no longer provided to the capacitor C. Therefore, the 
capacitor C stops charging and the soft-start reference 
Voltage V is disconnected from the positive supply voltage 
V. In addition, because the inverter 106 receives a logic 
high input state, the inverter 106 provides an output state of 
the completion signal DN that is logic-low, thus signifying 
completion of the soft-start. Furthermore, the logic-low 
completion signal DN is provided to the gate of the P-FET P8, 
thus activating the P-FETP8 to couple the soft-start reference 
Voltage V to the input reference Voltage V. As a result, at 
the completion of the soft-start, the soft-start reference volt 
age V is set at a constant value that is Substantially equal to 
the input reference Voltage V. 
0037. As described above, the unequal sizes of the P-FETs 
P10 and P11 result in a gate voltage of the P-FET P11 being 
less than the gate voltage of the P-FET P10 when the currents 
Io and I, and thus the Voltages V and V2, are Substan 
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tially equal. Thus, upon the comparator Switching the node 
112 to a logic-high State at the completion of the Soft-start, the 
soft-start reference Voltage V can have a predetermined 
magnitude less than the input reference Voltage V, just prior 
to being coupled to the input reference Voltage V by the 
P-FET P8. The predetermined difference between the soft 
start reference Voltage V and the reference VoltageVry can 
be the substantially equal to the handoff voltage AV. As 
described above, the handoff voltage AV can be predeter 
mined based on the W/L ratio of the P-FET P10 relative to the 
W/L ratio of the P-FET P11. In addition, the slope of the 
increase of the soft-start reference Voltage V can be set 
based on either the size of the capacitor C or the magni 
tude of the current Is, such as by setting the size of the P-FET 
P5, appropriately. 
0038. It is to be understood that, upon the enable signal EN 
being Switched back to a logic-low state, the Soft-start circuit 
100 is reset. Specifically, upon the enable signal EN being 
switched back to a logic-low state, the mirrored bias current 
Is is disconnected from the P-FETs P1-P5 based on the 
activation of the P-FET PO and the deactivation of the P-FET 
P6. In addition, the N-FET NO is activated via the inverter 
104, thus sinking the soft-start reference Voltage V to 
ground. Furthermore, the N-FET N1 is likewise activated, 
thus providing a logic-low state to the input of the inverter 
106. As a result, the completion signal DN becomes logic 
high, indicating a non-complete status of the soft-start, and 
disconnecting the soft-start reference Voltage V from the 
input reference voltage V via the P-FET P8. Accordingly, 
the soft-start circuit 100 returns to a status prior to the asser 
tion of the enable signal EN. 
0039. It is to be understood that the soft-start circuit 100 is 
not intended to be limited to the example of FIG. 3. As an 
example, alternate configurations of the power Supplies real 
ized by the P-FETs P1-P5, the differential transistor pair 110, 
and/or the comparator 114 can be implemented in the soft 
start circuit 100. For example, the resistance values of the 
resistors R and R can be set differently from one another to 
provide further or alternative control of the relative values of 
the voltages V and V. Furthermore, different functions of 
the enable signal EN and/or the completion signal DN can 
also be implemented in the soft-start circuit 100. Therefore, 
the soft-start circuit 100 can be configured in any of a variety 
of ways. 
0040 FIG. 4 illustrates an example of a universal serial 
bus (USB) power system 150 in accordance with an aspect of 
the invention. The USB power system 150 can be imple 
mented in any of a variety of computer and/or communica 
tions devices. The USB power system 150 includes a plurality 
of power regulators 152, demonstrated as LDO 1 through 
LDON in the example of FIG.4, where N is a positive integer. 
Although the example of FIG. 4 demonstrates that the power 
regulators 152 are LDO regulators, it is to be understood that 
the USB power system 150 is not limited to the use of LDO 
regulators, and that the plurality of power regulators 152 is 
not limited to all being the same type of power regulator. 
0041. The power regulators 152 are coupled to a voltage 
Supply Vs. that is configured to provide current to each of 
the power regulators. In the example of FIG. 4, the current is 
demonstrated as I through I corresponding respectively to 
LDO 1 through LDO N. Each of the power regulators 152 is 
configured to provide an output Voltage OUT to a respective 
output capacitor. Specifically, LDO1 provides an output volt 
age OUT to an output capacitor C, LDO N provides an 
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output Voltage OUT to an output capacitor C, and so forth. 
The currents I through I that are provided to the power 
regulators 152 may therefore be subject to achieving exces 
sive inrush magnitudes, such that the current capacity speci 
fication of the USB standard with regard to the supply voltage 
Vs can be violated. 
0042. To substantially mitigate inrush of the supply volt 
age Vs, the power regulators 152 include a soft-start circuit 
154, demonstrated in the example of FIG. 4 as numbering 
from 1 through N. respectively. Each of the soft-start circuits 
154 can be configured substantially the same as the soft-start 
circuit 100 described in the example of FIG.3. As an example, 
an enable signal bus ENs can be provided to the power 
regulators 152, such that each of the soft-start circuits 154 can 
be separately enabled to provide a soft-start to mitigate inrush 
of the respective current provided from the supply voltage 
Vs. As a result, inrush of the Supply Voltage Vs for the 
USB power system 150 can be substantially mitigated. 
0043. It is to be understood that the USB power system 
150 is not intended to be limited to the example of FIG. 4. As 
an example, the USB power system 150 is illustrated very 
simplistically for ease of explanation, Such that a number of 
other components may be included in the USB power system 
150. In addition, not all of the power regulators 152 in the 
example of FIG. 4 may include soft-start circuits 154. For 
example, some of the power regulators 152 may not include 
soft-start circuits 154 based on having a less power-intensive 
operation, or for any of a variety of other reasons. Therefore, 
the USB power system 150 can be configured in any of a 
variety of ways. 
0044. In view of the foregoing structural and functional 
features described above, certain methods will be better 
appreciated with reference to FIG. 5. It is to be understood 
and appreciated that the illustrated actions, in other embodi 
ments, may occur in different orders and/or concurrently with 
other actions. Moreover, not all illustrated features may be 
required to implement a method. 
004.5 FIG. 5 illustrates an example of a method 200 for 
soft-starting a power regulator in accordance with an aspect 
of the invention. At 202, an enable signal is asserted. The 
enable signal can be a signal to control the start of a soft-start 
of the power regulator. At 204, a current is provided through 
a differential transistor pair in response to the enable signal. 
The current can be a bias current that is mirrored to the 
differential pair in response to the enable signal. The differ 
ential transistor pair can include a pair of transistors having an 
unequal size relative to each other. The sum of the currents 
through the transistors of the differential transistor pair can be 
Substantially constant. 
0046. At 206, a first voltage is set based on the current 
through a first of the transistors in the differential transistor 
pair, and a second Voltage is set based on the current through 
a second transistor in the differential transistor pair. The pair 
of voltages can be based on the currents through the differ 
ential transistor pair flowing through a respective pair of 
resistors. At 208, the first voltage and the second voltage are 
compared. The comparison can be based on a comparator that 
is configured from a pair of N-FETs that are configured as a 
current mirror relative to each other, and are each provided an 
equal amount of current, with the pair of Voltages being 
provided to their respective sources. 
0047. At 210, a capacitor is charged to increase a soft-start 
reference Voltage associated with controlling the power regu 
lator in response to the second Voltage being greater than the 
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first Voltage. The charging of the capacitor can be based on a 
current Supply that is activated by the output of the compara 
tor. The Soft-start reference Voltage can be the Voltage across 
the capacitor. At 212, the first voltage is increased relative to 
the second Voltage in response to increasing the soft-start 
reference voltage. The soft-start reference voltage can be 
coupled to a gate of the transistor through which the second 
current flows, thus increasing the resistance of the second 
transistor. 
0048. At 214, the soft-start reference voltage is coupled to 
an input reference Voltage associated with the power regula 
tor upon the first voltage being greater than the second Volt 
age. The input reference Voltage can be a desired reference 
Voltage for the power regulator insteady-state operation. The 
coupling of the Soft-start reference Voltage to the input refer 
ence Voltage can occur as a result of a change of state of the 
comparator. 
0049 What have been described above are examples of the 
invention. It is, of course, not possible to describe every 
conceivable combination of components or methodologies 
for purposes of describing the invention, but one of ordinary 
skill in the art will recognize that many further combinations 
and permutations of the invention are possible. Accordingly, 
the invention is intended to embrace all Such alterations, 
modifications, and variations that fall within the scope of this 
application, including the appended claims. 

What is claimed is: 
1. A system for providing a soft-start to a power regulator, 

the system comprising: 
a differential transistor pair configured to receive an input 

current and to conduct a first current through a first 
transistor and a second current through a second transis 
tor, such that one of the first current and the second 
current changes in response to a change in the other of 
the first current and the second current to maintain that a 
sum of the first current and the second current is sub 
stantially equal to the input current; 

a comparator configured to provide an output signal based 
on a comparison of a first input Voltage and a second 
input Voltage that are associated with the first current and 
the second current, respectively; and 

a current source that is activated by the output signal to 
charge a capacitor that increases a soft-start reference 
Voltage associated with control of the power regulator, 
the soft-start reference Voltage also controlling the 
change in the other of the first current and the second 
Current. 

2. The system of claim 1, wherein a width-to-length (W/L) 
ratio associated with the first transistor is unequal to a W/L 
ratio associated with the second transistor. 

3. The system of claim 2, wherein the differential transistor 
pair comprises a pair of resistors having a substantially equal 
resistance, the first input Voltage and the second input Voltage 
being set based on a the first current and the second current 
flowing through the respective pair of resistors. 

4. The system of claim 2, further comprising a Switch 
configured to couple the soft-start reference Voltage to an 
input reference Voltage that is associated with the power 
regulator upon the Soft-start reference Voltage being less than 
the input reference Voltage by a predetermined magnitude, 
the predetermined magnitude being based on the W/L ratio of 
the first transistor relative to the WWL ratio of the second 
transistor. 
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5. The system of claim 1, wherein the comparator com 
prises a third transistor and a fourth transistor having a com 
mon gate and each having a drain coupled to a common 
current Source, the third transistor being diode-connected and 
having a source coupled to the second input Voltage, the 
fourth transistor having a source coupled to the first input 
Voltage and a drain that is coupled to the output signal. 

6. The system of claim 1, further comprising a bias current 
Source configured to generate a bias current, the bias current 
being mirrored as the input current, the current source, and at 
least one current associated with the comparator. 

7. The system of claim 1, wherein the output signal is 
configured to activate a shut-off Switch that is configured to 
conduct a third current that contributes to the second input 
Voltage as the soft-start reference Voltage increases, the shut 
off switch being deactivated upon the soft-start reference 
Voltage achieving a predetermined magnitude to set the sec 
ond input Voltage less than the first input Voltage to latch the 
soft-start reference Voltage at a constant magnitude. 

8. The system of claim 1, wherein the soft-start reference 
Voltage is configured to control the second transistor, Such 
that the first input Voltage increases relative to the second 
input Voltage as the Soft-start reference Voltage increases, the 
output signal changing state upon the first input Voltage being 
Substantially equal to the second input Voltage. 

9. The system of claim 8, wherein the output signal is 
provided to an inverter that is configured to couple the soft 
start reference Voltage to an input reference Voltage that is 
associated with the power regulator upon the output signal 
changing state, the inverter being further configured to pro 
vide a control signal that indicates a completion of the Soft 
Start. 

10. The system of claim 1, wherein the input current and 
the current Source are activated in response to asserting an 
enable signal, the enable signal deactivating the input current 
and the current source and coupling the Soft-start reference 
Voltage to a negative Supply Voltage upon being deasserted. 

11. A power regulator comprising the system of claim 1. 
12. A universal serial bus (USB) power system comprising 

the system of claim 1. 
13. A method for providing a soft-start for a power regula 

tor, the method comprising: 
asserting an enable signal; 
activating a current flow through a differential pair of tran 

sistors in response to the enable signal, the current flow 
being divided as a first current through a first transistor 
of the differential pair and a second current through a 
second transistor of the differential pair; 

setting a first Voltage associated with the first current across 
a first resistor and a second Voltage associated with the 
second current across a second resistor; 

charging a capacitor to increase a soft-start reference Volt 
age associated with control of the power regulator in 
response to the second Voltage being greater than the 
first Voltage; 

increasing the first Voltage in response to increasing the 
Soft-start reference Voltage; and 

coupling the Soft-start reference Voltage to an input refer 
ence Voltage associated with regulation of the power 
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regulator upon the first Voltage becoming Substantially 
equal to the second Voltage. 

14. The method of claim 13, further comprising setting a 
width-to-length (W/L) ratio associated with the first transistor 
to be unequal to a W/L ratio associated with the second 
transistor. 

15. The method of claim 14, further comprising setting a 
predetermined voltage magnitude based on the W/L ratio of 
the first transistor relative to the WWL ratio of the second 
transistor, the predetermined Voltage magnitude being a dif 
ference between the input reference voltage and the soft-start 
reference Voltage upon the first Voltage becoming Substan 
tially equal to the second Voltage. 

16. The method of claim 13, further comprising: 
providing a third current to increase a magnitude of the 

second Voltage; and 
removing the third current to decrease the second Voltage 

relative to the first voltage in response to the first voltage 
becoming Substantially equal to the second Voltage to 
latch the coupling of the soft-start reference Voltage to 
the input reference Voltage. 

17. A system for providing a soft-start to a power regulator, 
the system comprising: 
means for generating a first current and a second current, 

one of the first current and the second current changing 
in response to a change in the other of the first current 
and second current based on an increase of a soft-start 
reference voltage associated with control of the power 
regulator, a sum of the first current and the second cur 
rent being Substantially constant; 

means for generating a first Voltage and a second Voltage 
based, respectively, on the first current and the second 
current; 

means for comparing the first Voltage and the second Volt 
age and for providing an output signal in response to the 
comparison of the first Voltage and the second Voltage; 
and 

means for charging a capacitor to increase the soft-start 
reference Voltage in response to the output signal. 

18. The system of claim 17, further comprising means for 
coupling the Soft-start reference Voltage to an input reference 
Voltage that is associated with the power regulator upon the 
soft-start reference Voltage being less than the input reference 
Voltage by a predetermined magnitude, the predetermined 
magnitude being based on a configuration of the means for 
generating the first current and the second current. 

19. The system of claim 17, further comprising means for 
providing a third current, the third current contributing to a 
magnitude of the second Voltage, the means for providing the 
third current being configured to deactivate in response to the 
soft-start reference Voltage achieving a predetermined mag 
nitude to set the second Voltage less than the first Voltage to 
latch the soft-start reference Voltage at a constant magnitude. 

20. The system of claim 17, wherein the means for gener 
ating the first current and the second current comprises means 
for increasing a magnitude of the first current relative to the 
second current in response to the increase of the soft-start 
reference Voltage, the output signal changing state upon the 
first Voltage being Substantially equal to the second Voltage. 
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