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GENERATING THE UNDER VOLTAGE PROTECTION THRESHOLD

BACKGROUND

[0001] Under voltage protection is a feature of voltage regulators where the regulator
takes an action such as raising an alarm or shutting itself down when its output voltage is pulled
too low by an external load. The protection kicks in when the output voltage falls below a
certain threshold. In non-droop voltage regulators, generating the under voltage (UV)
threshold is straightforward. However, in finite-droop voltage regulators, the droop voltage
needs to be added to the UV threshold. Generating droop voltage needs additional circuitry that
adds to silicon area and complexity.

SUMMARY

[0002] In described examples of a controller for a voltage regulator having a regulated output
voltage that droops down from a reference voltage, the controller includes means for generating
a droop voltage portion of an under voltage protection threshold by using a realization that an
under voltage condition only occurs when an overcurrent condition exists, so that the droop
portion comprises the overcurrent limit value multiplied by droop resistance.

[0003] In described examples of a controller for a voltage regulator having a regulated output
voltage that droops down from a reference voltage, and having an under voltage limit circuit,
the controller includes: a signal generator to generate a voltage representative of a droop
voltage at a constant current output; a circuit to add the droop voltage at a constant current
output to a user-determined under voltage specification voltage to create a voltage
representative of the sum; and a comparator to compare an output voltage of the regulator with
the sum voltage to establish a new under voltage protection threshold.

[0004] In further described examples of a controller for a voltage regulator having a regulated
output voltage that droops down from a reference voltage, and having an under voltage limit
circuit, the controller includes: a circuit to apply a digital representation of a droop voltage at a
constant output current to a first input of a digital to analog converter; a circuit to apply a signal

representing output voltage of the voltage regulator minus the reference voltage to a second input
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of the digital to analog converter; and a circuit to apply an output of the digital to analog
converter to a first input of a comparator. A second input of the comparator is coupled to a
signal representing the reference voltage minus a user-determined under voltage specification
voltage to create a voltage representative of the difference. The comparator is to compare the
signals at the first and second inputs of the comparator to establish a new under voltage
protection threshold.
BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 shows a principle of output voltage droop.
[0006] FIG. 2 shows a control principle for a controller for a voltage regulator.
[0007] FIG. 3 shows an embodiment of a control circuit for a voltage regulator in accordance
with principles of example embodiments.
[0008] FIG. 4 shows an alternate embodiment of the control circuit for a voltage regulator in
accordance with principles of example embodiments.
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
[0009] This solution eliminates additional circuitry by generating the droop voltage and the
UV threshold in a simpler manner, exploiting the fact that (in this example) an under voltage
condition only occurs when an over-current condition exists.
[0010] The droop voltage is described with reference to a graph 100 in FIG. 1. In this
example, the voltage regulator is required to regulate and output voltage that droops down from
the reference voltage (VDAC) by an amount proportional to the load current:

VOUT = VDAC - RDROOP*IOUT
where VOUT is the output voltage of the regulator, VDAC is a voltage reference to which the
output of the voltage regulator is regulated, Rqroop 1S an effective resistance to voltage regulator,
and IOUT is the output current of the voltage regulator.
[0011] A fault condition (such as excessive load or a short) can cause the output voltage
to be lower than its expected value. An excursion equal to the UVP threshold in the output
voltage can be tolerated. Beyond such threshold, the voltage regulator must take some action,
such as raising a flag or turning off the output.
[0012] The voltage regulator can have an over-current-limit feature, where it does not allow
load currents higher than the overcurrent limit (OCL ) threshold to flow out of its output.
[0013] In this type of example, whenever a UVP condition exists, an OCL condition also
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exists. Referring to the graph 200 in FIG. 2, because the voltage regulator maintains a constant
output current (equal to the OCL threshold, IOCL) during the OCL condition, the droop value in
the UVP condition 1s Rypoop*IOCL. This equation gets modified based on linear regulator or
switching regulator. If linear IOCL is the same as the current limit in the system, in case of
switching regulator depending on the implementation of OCL, the value of IOCL will modify
into either IOCL (average current limit), IOCL+Rippe/2 if valley mode OCL, or IOCL-Ripple/2
if peak mode control.
[0014] In this type of example, the UVP threshold is required to be the UVP threshold spec
(user selected) plus the droop voltage, where the UVP threshold spec is a fixed voltage. Thus,
the actual UVP threshold at which the UVP condition is detected is:

VOUT = VDAC — IOUT*Rproop — UVP_SPEC
where UVP_SPEC is a user supplied fixed voltage.
[0015] Accordingly, it is the same as:

VOUT = VDAC - IOCL*Rproop — UVP_SPEC (since IOUT = IOCL in UVP condition)
[0016] If the output current IOUT is used to generate the UVP threshold, it would involve
sensing the output current and converting it into a voltage proportional to RDROOQP before
adding it to the UVP_SPEC voltage. This would need at least one amplifier and a few resistors.
However, because IOCL can be used in place of IOUT and IOCL threshold and RDROOQP are
fixed numbers, the sensed IOUT is not required to be converted to a droop voltage, and an
amplifier can be eliminated. The implementation is a constant voltage threshold generation (e.g.,
a fixed current flowing through a fixed resistance). The circuit 300 in FIG. 3 includes
comparator 302, resistor 306 and current source 304.
[0017] The inequality realized by the circuit is:

VOUT < VDAC - (I0OCL_RDROOP + Vyyp spec)
where IOCL Rpgroopis the droop voltage at constant output current.
[0018] In a second embodiment, instead of sensing the VOUT directly, a more accurate
signal represents VOUT in the form of VOUT — VDAC + VREF, where VREF is a fixed
reference voltage to ensure the signal Vout-VDAC has swing on both sides. Vref is internally
generated or externally provided and used as common mode for all the blocks. It can take a
value of zero if a negative value case is not required.

[0019] To limit the input common mode of the comparator, a UVP threshold spec signal is
3
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referred to the same VREF.
(VREF — Ve gprc)
where Vuvp spec 1 a user-determined voltage.
[0020] The circuit 400 in FIG. 4 includes comparator 402 and thermometric DAC 404.
[0021] The inequality realized by the circuit is still the same:
VOUT < VDAC - (I0OCL_RDROOP + Vyyp spec)
where Vuvp spec 1s a user-determined voltage.
[0022] This technique can be used with linear or switching regulators.

[0023] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What is claimed is:
1. A controller for a voltage regulator having a regulated output voltage that droops down
from a reference voltage, the controller comprising:

means for generating a droop voltage portion of an under voltage protection threshold by
using a realization that an under voltage condition only occurs when an overcurrent condition
exists, so that the droop portion comprises the overcurrent limit value multiplied by droop
resistance.
2. The controller of claim 1, further comprising an under voltage limit circuit to realize an
inequality of:

VOUT < VDAC — (IOCL_RDROOP + Vyvp spec),

wherein IOCL_RDROQOP is the droop voltage at constant output current, VOUT is the
output voltage of the regulator, VDAC is the reference voltage, and Vuyvp spec 1S a
user-determined fixed voltage.
3. The controller of claim 1, wherein the reference voltage is applied to a first input of a
comparator through a resistor, the first input also being coupled by a current source to a
reference voltage to generate the voltage IOCL RDROOP + Vyvp spec,

wherein IOCL_RDROQORP is the droop voltage at constant output current, and Vyyp spec 1S
a user-determined voltage; and

a second input of the comparator being coupled to VOUT to generate the under voltage
protection threshold.
4. A controller for a voltage regulator having a regulated output voltage that droops down
from a reference voltage, and having an under voltage limit circuit, the controller comprising:

a signal generator to generate a voltage representative of a droop voltage at a constant
current output;

a circuit to add the droop voltage at a constant current output to a user-determined under
voltage specification voltage to create a voltage representative of the sum; and

a comparator to compare an output voltage of the regulator with the sum voltage to

establish a new under voltage protection threshold.
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5. The controller of claim 4, wherein the under voltage limit circuit realizes an inequality of:

VOUT < VDAC — (IOCL_RDROOP + Vyvp spec),

wherein IOCL. RDROOP is the droop voltage at constant output current, VOUT is the
output voltage of the regulator, VDAC is the reference voltage, and Vyvp spec 1S a
user-determined fixed voltage.
6. The controller of claim 5, wherein the reference voltage is applied to a first input of a
comparator through a resistor, the first input also being coupled by a current source to a
reference voltage to generate the voltage IOCL RDROOP + Vyvp spec,

wherein IOCL_RDROORP is the droop voltage at constant output current, and Vyve spec1s
a user-determined voltage; and

a second input of the comparator being coupled to VOUT to generate the under voltage
protection threshold.
7. A controller for a voltage regulator having a regulated output voltage that droops down
from a reference voltage, and having an under voltage limit circuit, the controller comprising:

a circuit to apply a digital representation of a droop voltage at a constant output current to
a first input of a digital to analog converter;

a circuit to apply a signal representing output voltage of the voltage regulator minus the
reference voltage to a second input of the digital to analog converter; and

a circuit to apply an output of the digital to analog converter to a first input of a
comparator, wherein a second input of the comparator is coupled to a signal representing the
reference voltage minus a user-determined under voltage specification voltage to create a voltage
representative of the difference;

the comparator being to compare the signals at the first and second inputs of the
comparator to establish a new under voltage protection threshold.
8. The controller of claim 7, wherein the under voltage limit circuit realizes an inequality of

VOUT < VDAC — (IOCL_RDROOP + Vyvp spec),

wherein IOCL. RDROOP is the droop voltage at constant output current, VOUT is the
output voltage of the regulator, VDAC is the reference voltage, and Vyvp spec 1S a

user-determined fixed voltage.
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