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(57) Abstract: Example implementations relate to circuits. For example, an implementation includes a detection circuit including a
comparator circuit. The comparator circuit includes a first input terminal, a second input terminal, and an output terminal. The detec -
tion circuit also includes a reference voltage circuit to provide a set point voltage to the comparator circuit via the first input termin-
al. The detection circuit further includes a diode to reduce the set point voltage from a first magnitude to a second magnitude when
the first magnitude is equal to or lower than a magnitude of the load voltage.
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DETECTION CIRCUIY

BACKGROUND
{8601} An overvoltage is a condition where the magnitude of a voliage
experienced by a circuit exceeds the operational parameter of the circuit. For
example, an overvollage may be caused by short circuiting part of the circuit.
Components of a circuit may be damaged due {0 an ocourrence of

overvoltage at the circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

{6062} Some examples of the present application are described with
respect {0 the following figures:

[BG03] FiG. 1 is a block diagram of a detection circuit o sense an
overvoltage of a circuit, according o an exampie;

[3304] FIG. 2 is a block diagram of a detection circuit {0 sense an
overvoltage of a circuit, according to another example;

HEHRY FIG. 3 is a block diagram of the detection circuit of FIG. 2 coupled
to a load circult, according to an example;

{8006} FIG. 4 llustrates changes in magnitude of a set point voltage of g
detection circuit relative to changes in magnitude of a load voltage of the
detection circuit, according o an example; and

18807] FIG. 5 is a flowchart fllustrating g method of operation at a detection

circuit, according to an example.
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DETAILED DESCRIPTION

16008} As described above, components of a circuil may be damaged due
to an ocourrence of overvoltage at the circuit. When an overvoliage event
ocours at a circuit, damages to components of the circuit may be reduced
when the overvoltage event is delected and remedied as compared o not
detecting the overvoliage event. Examples described herein provide a
detection circuit to detect an overvoliage of a load circuit. For example, a
detection circuit may include a comparator circuit. The comparator cireuit may
include a first input terminal and a second input terminal, where the second
input terminal is {o recsive a load voitage from a load circuit. The comparator
circuit may aise include an output terminal. The detection circuit may also
include a reference voliage circuil. The reference voltage circuit may provide
a set point voltage to the comparator circuit via the first input terminal. The
set point vollage may have a first magnitude. The reference vollage circuit

may include a first resistor, a second resistor, and a capacitor.

1600%] The detection circuil may further include a dinde to reduce the set
point voltage from the first magnitude to a second magnifude when the first
magnilude is equal (o or lower than a magnitude of the load voltage. The
diode may include an anode terminal and a cathode terminal. The anocde
terminal may be coupled fo the first input terminal and the cathode terminat
may be coupled to the reference volfage circuit via the second input terminal.
in this manner, examples described herein may reduce a design complexity of

a detection circuit.

{8618] Referring now to the figures, FIG. 1 is a block diagram of a
detection circuit 100 to identify an overvoltage of a circuit, according to an
example. Detection circuit 100 may be an electrical circuit that identifies an
overvoltage event of a load circuit. Detection circuit 100 may include a
comparator circuit 102, a reference voltage circuit 104, and a diode 106.
Comparator circuit 102 may be a circuit that compares magnitudes of two
input voliages and outputs a signal indicating the result of the comparison.

Reference voltage circuit 104 may be a cirouit that generates a voilage.
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{011} Comparator circuit 102 may include a first input terminal 108, a
second input terminal 110, and an oulpul terminal 112, In some examples,
second input terminal 110 may be an inverting input terminal. Reference
voltage circuit 104 may be a circuit that generales a voltage. An example of
reference voitage cirouit 104 is described in more detail in FIG. 2. Diode 106
may include an anode ferminal 114 and a cathode terminal 116, Anocde
terminal 114 may be an electrods from which current may flow inio diode 106.
Cathode terminal 116 may be an slectrode from which current may flow out of
diode 108, Anode terminal 114 may be coupled o first input ferminal 108 of
comparator circuit 102, Cathode terminal 118 may be coupled to oulput
terminal 112 of comparator circuit 102,

{6012} During operation, comparator circuit 102 may sense a set point
voltage 118 generated by reference voliage circuit 104 via first input terminal
108. Comparator circuit 102 may sense a load voliage 120 via second input
terminal 110. Load voltage 120 may be generated by a load circuit, as is
described in more detail in FIG. 3. Load voltage 120 may correspond {o an
amount of current being drawn by the load circuil. Set point voltage 118 may
have a magnitude that serves as a threshold for an amount of current {o be
drawn by the load cirouit during operation. YWhen the magnitude of set point
voltage 118 is greatler than the magnitude of load voltage 120, the load circuit
may be operating within normal operational parametars of the load circuit.
Whaen the magnitude of set point voltage 118 is less than or equal o the
magnitude of load voltage 120, the load circuit may be drawing an amount of
current above the threshold. The overdrawing of current may indicate that ihe
load circuit may be experiencing a malfunction, such as a short circuit event.
{8013} Comparator circuit 102 may output a comparison signal {o indicate
a result of comparison between set point voltage 118 and load voltage 120.
For example, comparator circuit 102 may output the comparison signal by
asserting an ouiput voliage 122 at output terminal 112. The magnitude of
output voltage 122 may correspond {o the instantaneocus value of the
comparison. For example, when the magnitude of sel point voltage 118 is
greater than the magnitude of load voltage 120, oculpul voitage 122 may have
a first magnitude {e.g., a positive voltage). In some examples, the first

magnilude may correspond (o a maximum positive voliage that output voltage
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122 may reach, such as the magnitude of a voltage source. The first
magnitude may correspond {0 g high state of the comparison signal.

16014} When the magnitude of set point voltage 118 is less than or equal
to the magnitude of load voltage 120, output voltage 122 may have a second
magnitude that is less than the first magnitude. In some examples, the
second magnilude may correspond to zero volts. The second magnitude may
correspond 1o a low state of the comparison signal.

[B015] Diode 106 may operats in different operation states based on the
resuit of comparison between set point vollage 118 and ioad voltage 120. For
example, diode 106 may operate in a reverse bias operation state when the
magnitude of set point voltage 118 is greater than the magnitude of load
voltage 120. During the reverse bias operation state, diode 106 may not
conduct current.

[B6016] Diode 106 may transition {o operate in a forward bias operation
state when the magnitude of load voltage 120 is greater than or equal {o the
magnitude of set point voltage 118. During the forward bias operation siale,
diode 106 may conduct current from anode terminal 114 {o cathode terminal
116. By conducting current, diode 106 may generale a voltage drop to obtain
a reduction of magnitude of set point voltage 118. For example, when dicde
106 is in the forward bias operation state, a magnitude of set point voltage
118 may be reduced from a first magnitude {e.g., 3 volis} fo a second
magnitude {e.g., 0.2 volis).

{817} By forcing the magnitude of set point voltage 118 fo drop to the
second magniiude via diede 106, the comparison signal of comparator circuit
102 may remain at the low state until the malfunctlion of the load circuit is
remedied. When the malfunclion of the load circuit is remedied, reference
voltage circuit 104 may increase the magnitude of sel point voltage 118 from
the second magnitude back o the first magnitude at a rate that is independent
of ouiput voltage 122 as described in more detail in FIG. 2.

[6G18] FIG. 2 is a block diagram of a detection circuit 200 o sense an
overvoltage of a circuit, gecording {o another example. Detection circuit 200
may be similar to detection circuit 100 of FIG. 1. Detection circuit 200 may
include comparator circuit 102, diods 108, and reference voltage circuit 202.

Reference vollage circuit 202 may be similar to reference voltage circuit 104
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of FIG. 1. Reference voltage circuit 202 may include a first resistor 204, a
second resistor 206, and a capacitor 208, First resistor 204 may include 3
first terminal 210 and a second terminal 212, Second resistor 206 may
include a third ferminal 214 and a fourth terminal 216. Capacitor 208 may
include a fifth terminal 218 and a sixth terminal 220,

{8619} First terminal 210 of first resisior 204 may be coupled to a voltage
source 222, Second terminal 212 of first resistor 204 may be coupled to third
terminal 214 of second resistor 206. Fourth terminal 216 of second resistor
206 may be coupled to ground. Thus, first resistor 204 and second resistor
206 may be coupled in series. Fifth terminal 218 of capacitor 208 may be
coupled to second terminal 212 and o third terminal 214, Sixth terminal 220
of capacitor 208 may be coupled to fourth terminal 216, Thus, capacitor 208
may be couplad to second resistor 206 in parailel.

[6020] During operation, first resistor 204, second resistor 206, and
capacitor 208 may delermine a rate of change associated with the magnitude
of set point voltage 118. For exampie, diode 106 may reduce the magnilude
of set point voltage 118 from a first magnitude 1o a second magnitude whean
oaperating in the forward bias operation state. When diode 106 transitions
back to the reverse bias operation siale {e.g., when the magnitude of set point
voltage 118 is greater than the magnitude of load voltage 120}, current
generated from voliage source 222 may begin charging capacitor 208. As the
electrical energy in capaciior 208 begin o increase due to charging, the
magnitude of set point voltage 118 may also begin to increase. The rate at
which the magnitude of set point voltage 118 increases from the second

magnitude to the first magnitude may be determined by equation {1}

{66211 Rate ={(R1"R2}/{R1+R2}}*C (1)
[6622) where R1 is the resistance value of first resistor 204,

[BG23] R2 is the resistance value of second resislor 208; and
[B024] C is the capacitance value of capacitor 208.

[8025] As fllustrated in equation (1), the rate may be equal to a product of

two parts. One of the two parts corresponds {0 a ratio between a product of
R1 and B2 and a sum of R1 and R2. The other of the two parls corresponds
to C. The rate may be determined independent of cutput voltage 122, That

is, the magnifude of output voltage 122 may not influence the rate al which
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the magnitude of set point voliage 118 increases from the second magnitude
io the first magnitude because diede 106 may not conduct current generated
by output voitage 122 from oulput terminal 112 to reference voltage circuit
202. Thus, the magnitude of output voltage 122 has no effect on how fast the
magnitude of set point voltage 118 increases from the second magnitude to
the first magnitude.

(8026 Fi. 3 is a block diagram of detection circuit 200 of FIG. 2 coupled
to a load circuit 300, according to an example. Load circuit 300 may be any
circuit that receives vollage and/or current {o operate. Load circuit 300 may
be powered by a voliage source 302 during operation. In some examples, a
third resistor 304 may be coupled between voltage source 302 and output
terminal 112. Third resistor 304 mat act as a pull-up resistor so that the
magnifude of output voilage 122 may be at or close (o the magnitude of
voltage source 302 when the magnitude of set point voltage 118 is greater
than the magnitude of load voltage 120, Also, the magnitude of output
voltage 122 may be at zero volts when the magnitude of set point voltage 118
is iess than or equal to than the magnitude of load voltage 120. In some
examples, load circuit 300 may be coupled to a current-to-voltage (V)
transducer 306. VV transducer 306 may sense the amount of current drawn
by load circuit 300 and translate the amount of current drawn o load vollage
120.

{8027} Output termiinal 112 of comparator circuit 102 may be coupled to
foad dircuit 300 o determine and/or controf an operation state of load circuit
300. For example, cutput voliage 122 may serve as a control signal to load
circuit 300. When load circuit 300 is operating within normal operational
parameters, the magnitude of ioad voltage 120 may be less than the
magnifude of set point voltage 118. Comparalor circuit 102 may assert output
voltage 122 having a first magnitude, such as the magnitude of voltage source
302, o load circuit 300. Load circuit 300 may remain powered on based on
output voltage 122 having the first magnitude.

16028] When load cireuit 300 has an overvoltage event, the magnitude of
load voltage 120 may be greater than or equal to the magnitude of sel point
voltage 118. Comparator circuit 102 may asseri ouiput voltage 122 having a

second magniiuds, such as zero volits, to alertload circuit 300 until the
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overvoltage event is remedied. In some examples, ouipuf voltage 122 may
be used io disable andfor shut down at lsast portion of load circuit 300,

16029 FIG. 4 illusirates changes in magnitude of a set point voltage of a
detection circuit relative to changes in magnitude of a load voitage of the
detection circuit, according to an example. Diagram 400 may correspond to
changes in magnitude of set point voltage 118, Diagram 402 may correspond
to changes in magnitude of load voltage 120. Diagrams 400 and 402 may
correspond o changes in magnitudes of set point voltage 118 and load
voltage 120 sensed by detection circuit 100, 200, and/or 300, For purpose of
discussion, diagrams 400 and 402 are described with reference o detection
circuit 200 of FIG. 3.

IR From time T0 to time T1, ioad circuit 300 may operate within normal
operational parametars. Thus, the magniiuds of load voltage 120 may be less
than the magnitude of set point voltage 118, For example, the magnitude of
set point voltage 118 may be M1. The magnitude of load voltage 120 may
fluctuate between zero volts to MZ that is less that M1, The fluctuation in
magnitude of load voltage 120 may correspond o a current consumption
slope of load circuit 300.

{8038} At time T1, load circuit 300 may experience an overvoliage event
{e.g., caused by a short circuit), the magnitude of lvad voltage 120 may begin
to increase rapidly. At time T2, the magnitude of load voltage 120 may be
equal io or greater than the magnitude of sef point voliage 118 at M2, Thus,
comparator circuit 162 may assert oulput voltage 122 having a particular
magnitude, such as zero volts, o indicale that the magnitude of load voltage
120 may be equal to or greater than the magnitude of set point voliage 118.
Based on oulput voliage 122, diode 106 may transition to the forward bias
operation state {o reduce the magnitude of set point voliage 118 from M1 to
M3. In some examples, M3 may be less than M2, From time T2 to time T3,
diode 106 may operate in the forward bias operation state {o maintain output
voltage 122 at the particular magnitude.

16032} At time T3, the magnitude of load voltage 120 may be less than the
magnitude of set point voliage 118 (e.g., due fo load circuit 300 being
disabled}. Comparator circuit 102 may assert ouiput vollage 122 having

another particutar magnilude, such as the magnitude of voliage source 302,



WO 2016/076871 PCT/US2014/065439

Based on oulput voliage 122, dicde 106 may transition to the reverse bias
operation state. Reference vollage circuit 202 may increase the magnitude of
set point voltage 118 from M3 towards M1.

{8033 At time T4, the magnitude of load voltage 120 may be increasing at
a rapid rate so that the magnitude of load voltage 120 may be equal to or
greater than the magnilude of set point voltage 118 at M4, In some
examples, M4 may be greater than M3. For example, load circuit 300 may be
powered on again when the magnitude of load voltage 120 drops below the
magnitude of set point voltage 118, However, the overvoltage event is not
remedied. Thus, the magnitude of load voliage 120 may be increasing at a
rapid rate again. Comparator circuit 102 may assert output vollage 122
having the particular magnitude to again indicale the magnitude of ioad
voltage 120 may be equal to or greater than the magnitude of sel point
voltage 118, The magnitude of set point voltage 118 may be reduced from
M4 o M3.

{8834} Comparing fo the change in magnitude of setl point voltage 18 at
fime T2, comparator circuit 102 is friggered (i.e., change the magnitude of
output voltage) when the magnitude of set point voltage 118 is at a lower level
than M1 as reference voltage circuit 202 may not have enough time to
increase the magnitude of sel point voltage 118 from M3 back to M1, Thus,
subsequent {o an initial triggering of comparator circuit 102, as long as the
magnitude of load voltage 120 is increasing at a rale that is greater than the
magnitude of set point voltage 118, comparator circuit 102 may be iriggered
before the magnitude of set point voltage 118 reaches M1,

18635} Similar to the time period between ime T3 and time T4, at time 75,
reference voitage circuit 202 may increase the magnitude of set point voltage
118 from M3 towards M1, Attime T6, the magnitude of load voltage 120 may
be equal to or greater than the magnitude of set point vollage 118. Thus,
comparator circuit 102 may be again triggered and the magnitude of set poini
voltage 118 may be reduced from M4 to M3. From time 77 {o time T8, the
overvoltage event may be remedied. Thus, Ioad voltags 120 may be
increasing at a rate that is slower than sef point voltage 118.

HHIRTY FIG. 5 is a flowchart Hllustrating a method 500 of operation at a

detection circuit, according to an example. Method 500 may be implemented
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using detection circuit 100 of FIG. 1 and/or detection circuit 200 of FiGs. 2-3.
Method 500 includes sensing, at a first input lerminal of a comparator cireuit
of a detection circuit, a set point voliage from a reference voltage circuit,
where the set point voliags has a first magnitude, at 302, For example,
referring to FIG. 1, comparator circuit 102 may sense set point voltage 118
generated by reference voltage cirouit 104 via first input terminal 108,

[BG37] Method 500 also includes sensing, at a second input terminal of the
comparator circuit, a load voltage from a load circuit, at 504. For example,
referring to FIG. 1, comparator circuit 102 may sense a load voltage 120 via
second input terminal 110.

{8038} Method 500 further includes during a first time period, reducing the
set point voliage from the first magnitude to a second magnitude via a diode
of the detection circuit, where an anode terminal of the diode is coupled o the
first input terminal, and where a cathode terminal of the diode is coupled to
the second input terminal, at 506, For example, referring to FIG. 4, the first
time period may correspond to time T2, set point voltage 118 may be reduced
from a first magnitude M1 to a second magniiude M2,

16639} Method 50C further includes during a second time period
subsequent to the first ime period, increasing the sat point voltage o the first
magnilude at a rate determined via a capacitor of the reference vollage circuit,
where the rate is determined independent of an oulput voltage of the
comparator circuit, at 508. For example, referring to FiGs. 3-4, the second
time period may correspond 10 a time period between time T3 o time 74, a
fime period betwsen lime 75 o time 76, and/or a time period belwesen lime T7
and time T8, Set point voltage 118 may be increasing at a rate determined by
at least capacitor 208 of reference voltage circuit 202,

{8048] The use of "comprising”, "including” or "having” are synonymous
and variations thereof herein are meant 1o be inclusive or open-ended and do

not exclude additional unrecited slements or method steps.
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Claims

What is claimed is:

1. A detection circuit comprising:
a comparator circuit including:
a first input terminal;
a second input terminal to receive a load voltage from a load
circuit; and
an ouipul terminal;

a reference voltage circuit {o provide a set point voltage {o the
cornparator circuit via the first input terminal, wherein the set
point voltage has a first magnitude; and

a diode to reduce the set point voltage from the first magnitude fo a
second magnitude when the first magnitude is equal to or lower
than a magnitude of the load vollage, whersin the dicde includes
an ancde terminal and a cathods terminal, whersin the anode
termiinal is coupled o the first input terminal, and wherein the
cathode terminal is coupled to the reference voltage circuit via

the second input terminal.

2. The detection circuit of claim 1, wherein the reference voltage circuit
includes a first resistor, a second resistor coupled {o the first resistor, and a

capacitor coupled to the second resistor in paraiiel.

3. The detection circuit of claim 2, wherein subseguent {0 a reduction of
magnitude of the sef point vollage, when the second magnitude is greater
than the magnitude of the load voltage, the reference voltage circuit to
increase the set point voltage from the second magnitude {o the first
magnitude at a rate delermined by the first resistor, the second resistor, and

the capaciior.
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4, The detection circuit of claim 1, wherein the diode is in a forward
bias operation state when the load voltage is equal {0 or greater than the sel
point voltage, and whersein the diode is in a reverse bias operation stale when

the load voliage is less than the set point voliage.

5. The detection circuit of claim 1, the comparator circuit to assert an
output voltage having a particular magnitude via the ouiput ferminal coupled
to the load cirguit, wherein an operation state of the lpad circuit is determined

based on the output voltage.

8. A method comprising:

sensing, at a first input terminal of a comparalor circuit of a detection
circuit, a set point voltage from a reference voltage circuit,
wherein the set point vollage has a first magnitude;

sensing, at a sscond input terminal of the comparator circull, a load
voltage from a load circult;

during a first time period, reducing the set point vollage from the first
magnitude {0 a second magnitude via a diode of the delection
circuil, whersin an anode terminal of the diode is coupled 1o the
first input terminal, and wherein a cathode terminal of the dicde
is coupled o the second input terminal; and

during a second time period subsequeant to the first ime period,
increasing the set point voliage to the first magnitude at a rate
determined via a capacitor of the reference voltage circuit,
wherein the rale is determined independent of an oulput voltage

of the comparator circuit.

7. The method of claim 6, wherein a magniiude of the load voltage is
greater than or equal to the first magnitude during the first time period, and
wherein the magnitude of the load voltage is less than the second magnitude

during the second time period.
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8. The method of ciaim 7, further comprising, during the first ime
period, maintaining the set point voltage at the second magnitude via the

diode after the sel poini voltage is reduced o the second magnitude.

8. The method of claim 6, wherein the rate is equal {0 a product of two
parts, wherein one of the two parts corresponds to a ratio betwesan a product
of g first resistance value of g first resisior of the reference voltage circuit and
a second resistance value of a second resistor of the reference voltage circuit
and a sum of the first resistance value and the second resistance value, and
whersin the other of the two parls corresponds o a capacitance vaiue of the

capadciior.

10. The method of claim 8, wherein the rate is further determined via a

first resistor and a second resisior coupled to the first resistor.

11. The method of claim 6, wherein reducing the set point voliage o
the second magnitude via the diode including changing an operation siale of

the diode o a forward bias operation stale via the oulpui voltage.

12. A detection circuit comprising:
a comparator circuil including:
a first input terminal;
a second inpul ferminal to receive g load vollage from a load
circuit; and
an ouiput terminal;

a reference voitage cirouit to provide a set point voltage having a first
magnitude to the comparator circult via the first input ferminal,
wherein the reference voltage circuit includes:

a first resistor including a first terminal and a second terminal,
wherain the first terminal iz coupled fo a voltags source;

a second resisior including a third terminal and a fourth terminal,
wherein the third terminal is coupled to the second

ferminal; and
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i
[N

a capagcitor including a fifth terminal and a sixth terminal,
wherein the fifth terminal is coupled o the third terminal,
and whaerein the sixth lerminal is coupled to the fourth
tarminal; and

a diode to reduce the set point voltage from the first magnitude to a
second magnitude when the first magnilude is equal to or lower

than a magnitude of the load voliage.

13. The detection circull of claim 12, the reference voltage circuit to
increase the set point vollage from the second magnitude to the first
magnitude at a rale equal o a product of two parts, wherein one of the two
parts corresponds (o a ratio between a first resistance value of the first
resistor and a second resistance value of the second resistor, and whersin the

other of the two parts corresponds to a capacitance value of the capacitor.

14. The detection circuit of claim 12, wherein the diode is in a forward
bias operation state when the load voltage is equal to or greater than the set
point voltage, and wherein the dicde is in a reverse bias operation state when

the load voltage is less than the sei point voltage.

15. The delection circuit of claim 12, the comparator circuil o assert an
output voltage having a particular magnitude via the output terminal coupled
to the load circuil, wherein an operation state of a part of the load circuit is

determined based on the oulput vollage.
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500

5/5

Sense, at a first input terminal of a comparator circuit of a deteclion circult,
a set point voltage from a reference voltage circuit, where the set point
voltage has a first magnitude

'

504 —~_|

Sense, at a second input terminal of the comparator circutt, 2 load voltage
from a load circuit
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During a first time period, reduce the set point voltage from the first
magnitude to a second magnitude via a diode of the detection circuil, where
an ancde terminal of the diode is coupled to the first input terminal, and
where a cathode terminal of the diode is coupled to the second input
terminal
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During a second time period subsequent {o the first time period, increase
the set point voltage to the first magnitude at a rate determined via a
capacitor of the reference voltage circuit, where the rate is determined
independent of an output voliage of the comparator circuit

FIG. 5
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