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COMPARATOR CIRCUIT ARRANGEMENT AND METHOD OF FORMING THE
SAME

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of priority of Singapore application No.
10201802382Y filed March 22, 2018, the contents of it being hereby incorporated by reference in
its entirety for all purposes.

TECHNICAL FIELD
[0002] Various aspects of this disclosure relate to a comparator circuit arrangement. Various

aspects of this disclosure relate to a method of forming a comparator circuit arrangement.

BACKGROUND
[0003]  Pulse width modulation (PWM) is a widely used technique in power electronics devices
such as voltage regulators, motor controllers, power inverters, etc. The PWM comparator plays a
key role in converting analog voltage signals to pulse signals. The comparator senses the input
voltage level relative to a pre-determined low or high voltage reference, and outputs the pulse
signal whose width corresponds to the input voltage level. Due to the continuous-time ramp signal
input to the comparator, a high input-sensitivity is required for the circuit to avoid long response
time. Moreover, a recent trend toward integrated voltage regulation (IVR) requires high-speed
switching of up to 200MHz for power device systems. However, such a high-sensitivity, high-

speed PWM comparator would draw quite a significant amount of operating current.

SUMMARY
[0004]  Various embodiments may provide a comparator circuit arrangement. The comparator
circuit arrangement may include a preamplifier having a first input configured to be coupled to a
first input voltage, a second input configured to be coupled to a second input voltage, and an output
configured to generate a preamplifier output signal based on the first input voltage and the second
input voltage. The comparator circuit arrangement may also include a switch circuit arrangement

coupled to the preamplifier, the switch circuit arrangement configured to deactivate the
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preamplifier upon the second input voltage exceeding the first input voltage and further configured
to activate the preamplifier upon a fall of the second input voltage. The comparator circuit
arrangement may further include a pull-up circuit arrangement coupled to the output of the
preamplifier, the pull-up circuit arrangement configured to provide a boost voltage to the
preamplifier output signal for a predetermined duration upon the fall of the second input voltage.

[0005] Various embodiments may provide a method of forming a comparator circuit
arrangement. The method may include providing a preamplifier having a first input configured to
be coupled to a first input voltage, a second input configured to be coupled to a second input
voltage, and an output configured to generate a preamplifier output signal based on the first input
voltage and the second input voltage. The method may also include coupling a switch circuit
arrangement to the preamplifier, the switch circuit arrangement configured to deactivate the
preamplifier upon the second input voltage exceeding the first input voltage and further configured
to activate the preamplifier upon a fall of the second input voltage. The method may further include
coupling a pull-up circuit arrangement to the output of the preamplifier, the pull-up circuit
arrangement configured to provide a boost voltage to the preamplifier output signal for a
predetermined duration upon the fall of the second input voltage.

[0006] Various embodiments may provide a method of operating a comparator circuit
arrangement. The method may include coupling a first input voltage to a first input of a
preamplifier. The method may also include coupling a second input voltage to a second input of
the preamplifier. The preamplifier may also include an output configured to generate a
preamplifier output signal based on the first input voltage and the second input voltage. The
comparator circuit arrangement may further include a switch circuit arrangement coupled to the
preamplifier, the switch circuit arrangement configured to deactivate the preamplifier upon the
second input voltage exceeding the first input voltage and further configured to activate the
preamplifier upon a fall of the second input voltage. The comparator circuit arrangement may
additionally include a pull-up circuit arrangement coupled to the output of the preamplifier, the
pull-up circuit arrangement configured to provide a boost voltage to the preamplifier output signal

for a predetermined duration upon the fall of the second input voltage.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0007] The invention will be better understood with reference to the detailed description when
considered in conjunction with the non-limiting examples and the accompanying drawings, in
which:

FIG. 1 shows a conventional pulse width modulation comparator as well as the timing diagram of
the various signals provided to or generated by the modulation comparator.

FIG. 2 is a general illustration of a comparator circuit arrangement according to various
embodiments.

FIG. 3 A shows a schematic of a comparator circuit arrangement according to various embodiments
as well as the timing diagram of the various signals provided to or generated by the comparator
circuit arrangement.

FIG. 3B shows a detailed schematic of the comparator circuit arrangement according to various
embodiments.

FIG. 3C shows a detailed timing diagram of various signals provided to or generated by the
comparator circuit arrangement according to various embodiments.

FIG. 3D is a schematic showing the reset circuit arrangement and the D flip-flop according to
various embodiments.

FIG. 3E shows the part of the comparator circuit arrangement according to various embodiments
associated with reducing power consumption.

FIG. 3F shows the timing diagrams of an output signal of a conventional comparator (Vpwm
conventional comp) as well as the various signals provided to or generated by the low-power (LP)
comparator circuit arrangement according to various embodiments.

FIG. 3G shows a schematic of the comparator circuit arrangement according to various
embodiments without the pull-up circuit arrangement as well as the timing diagram of the various
signals provided to or generated by the comparator circuit arrangement.

FIG. 3H shows a schematic of the comparator circuit arrangement according to various
embodiments as well as the timing diagram of the various signals provided to or generated by the
comparator circuit arrangement to illustrate how the pull-up circuit arrangement improves the

recovery time.
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FIG. 31 is a detailed timing diagram of the comparator circuit arrangements according to various
embodiments (switching frequency (Fsw) is 90 MHz and first input voltage is 0.1 V) illustrating
the effects with and without the pull up circuit arrangement.
FIG. 37 is another detailed timing diagram of the comparator circuit arrangements according to
various embodiments (switching frequency (Few) is 90 MHz and first input voltage is 0.9 V)
illustrating the effects with and without the pull up circuit arrangement.
FIG. 3K shows an implementation of the comparator circuit arrangement according to various
embodiments.
FIG. 3L shows alternative input voltages as well as the switching signal associated with the
comparator circuit arrangement according to various embodiments.
FIG. 4 shows a schematic of a method of forming a comparator circuit arrangement according to
various embodiments.
FIG. 5 shows a schematic of a method of operating a comparator circuit arrangement according to
various embodiments.

DETAILED DESCRIPTION
[0008] The following detailed description refers to the accompanying drawings that show, by
way of illustration, specific details and embodiments in which the invention may be practiced.
These embodiments are described in sufficient detail to enable those skilled in the art to practice
the invention. Other embodiments may be utilized and structural, and logical changes may be made
without departing from the scope of the invention. The various embodiments are not necessarily
mutually exclusive, as some embodiments can be combined with one or more other embodiments
to form new embodiments.
[0009] Embodiments described in the context of one of the methods or circuit arrangements are
analogously valid for the other methods or circuit arrangements. Similarly, embodiments described
in the context of a method are analogously valid for circuit arrangement, and vice versa.
[0010] A "circuit" may be understood as any kind of a logic implementing entity, which may
be special purpose circuitry or a processor executing software stored in a memory, firmware, or
any combination thereof. Thus, in various embodiments, a "circuit" may be a hard-wired logic
circuit or a programmable logic circuit such as a programmable processor, €.g. a microprocessor

(e.g. a Complex Instruction Set Computer (CISC) processor or a Reduced Instruction Set
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Computer (RISC) processor). A "circuit" may also be a processor executing software, e.g. any kind
of computer program, e.g. a computer program using a virtual machine code such as e.g. Java. Any
other kind of implementation of the respective functions which will be described in more detail
may also be understood as a "circuit" in accordance with various alternative embodiments. A
“circuit” may carry analogue and/or digital signals.

[0011]  Features that are described in the context of an embodiment may correspondingly be
applicable to the same or similar features in the other embodiments. Features that are described in
the context of an embodiment may correspondingly be applicable to the other embodiments, even
if not explicitly described in these other embodiments. Furthermore, additions and/or combinations
and/or alternatives as described for a feature in the context of an embodiment may correspondingly
be applicable to the same or similar feature in the other embodiments.

[0012] In the context of various embodiments, the articles “a”, “an” and “the” as used with
regard to a feature or element include a reference to one or more of the features or elements.
[0013]  In the context of various embodiments, the term “about” or “approximately” as applied
to a numeric value encompasses the exact value and a reasonable variance.

[0014]  As used herein, the term “and/or” includes any and all combinations of one or more of
the associated listed items.

[0015]  As highlighted above, it may therefore be desirable to reduce current consumption (and
accordingly power consumption) to boost the efficiency of the power device system.

[0016] FIG. 1 shows a conventional pulse width modulation comparator 100 as well as the
timing diagram of the various signals provided to or generated by the modulation comparator 100.
[0017]  The comparator 100 may include a pre-amplifier (Preamp) 102 to amplify small input
signal as well as logic inverters 104a and 104b to rectify the amplified signal and drive the output
load. Ramp input signal Vrampis a kind of reference signal which linearly increases from a low
voltage Viow to a high voltage Viign to determine the voltage level of a relatively low frequency
input voltage V.

[0018] Based on the comparison between Vi and Vramp, the comparator outputs a pulse width
modulation signal (Vrwm) whose duty ratio corresponds with (Vv - View)/ (Vhigh - View). After the
ramp input signal reaches the high voltage (Vnign), the ramp input signal quickly drops to the low

voltage (Viow) to start another input level searching process. Although there are several types of
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comparator circuits to achieve better performance (e.g. low offset, high-speed, low power
consumption, etc.), conventional comparator circuits are typically kept active with constant
drawing of the operating current regardless of the input voltage level.

[0019]  Various embodiments may seek to reduce current consumption and power consumption.
Various embodiments may also work under high switching frequencies. Various embodiments
may be able to work at switching frequencies above 100 MHz, e.g. about 200 MHz. In comparison,
conventional comparators are designed to work under a switching frequency of about 1.25 MHz.
Conventional comparators may also suffer from large power consumption for speeding up without
any power-saving techniques.

[0020]  Various embodiments may be configured to work at higher speeds with lower power
consumption compared to conventional comparators.

[0021] FIG. 2 is a general illustration of a comparator circuit arrangement 200 according to
various embodiments. The comparator circuit arrangement 200 may include a preamplifier 202
having a first input configured to be coupled to a first input voltage, a second input configured to
be coupled to a second input voltage, and an output configured to generate a preamplifier output
signal based on the first input voltage and the second input voltage. The comparator circuit
arrangement 200 may also include a switch circuit arrangement 204 coupled to the preamplifier
202, the switch circuit arrangement 204 configured to deactivate the preamplifier 202 upon the
second input voltage exceeding the first input voltage and further configured to activate the
preafnpliﬁer 202 upon a fall of the second input voltage. The comparator circuit arrangement 200
may further include a pull-up circuit arrangement 206 coupled to the output of the preamplifier
202, the pull-up circuit arrangement 206 configured to provide a boost voltage to the preamplifier
output signal for a predetermined duration upon the fall of the second input voltage.

[0022] Inother words, the comparator circuit arrangement 200 may include a pre-amplifier 202
connected to a switch circuit arrangement 204 as well as a pull-up circuit arrangement 206. The
switch circuit arrangement 204 may be configured to switch off the pre-amplifier 202 at times
when the second input voltage is greater than the first input voltage and switch on the pre-amplifier
when the second input voltage drops. The pull-up circuit arrangement 206 may serve to boost the

output signal upon the fall of the second input voltage.
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[0023] For avoidance of doubt, FIG. 2 serves to illustrate features of a comparator circuit
arrangement 200 according to various embodiments, and does not limit or indicate, for instance,
the arrangement, the orientation or the sizes of the features.

[0024] In various embodiments, the first input voltage may have a first waveform. The second
input voltage may have a second waveform including a first part that increases, e.g. linearly, from
a first predetermined value below a value of the first input voltage to a second predetermined value
above the value of the first input voltage within a first predetermined period of time, and a second
part that decreases, e.g. linearly, from the second predetermined value to the first predetermined
value within a second predetermined period of time, the second predetermined period of time being
shorter than the first predetermined period of time. The second input voltage may be a ramp
voltage. The first waveform may vary more slowly than the second waveform.

[0025] The second predetermined period of time may be much shorter than the first
predetermined period of time. For instance, the second period of time may be less than one-tenths
(1/10) of the first period of time. The first waveform may vary much more slowly than the second
waveform. The first waveform may almost be of a fixed voltage. The second waveform may be a
ramp waveform.

[0026] In various other embodiments, the second input voltage may have a triangle waveform.
The triangle waveform may have a first part that increases, e.g. linearly, from a first predetermined
value below a value of the first input voltage to a second predetermined value above the value of
the first input voltage within a first predetermined period of time, and a second part that decreases,
e.g. linearly, from the second predetermined value to the first predetermined value within a second
predetermined period of time substantially equal to the first predetermined period of time.

[0027] In various embodiments, the comparator circuit arrangement 200 or the switch circuit
arrangement 204 may include a reset circuit arrangement coupled to the second input of the
preamplifier 202. The reset circuit arrangement may be configured to provide or generate a reset
pulse in a reset signal upon the fall of the second input voltage.

[0028]  The reset pulse in the reset signal may be generated by temporarily changing a state of
the reset signal. For instance, the reset signal may normally be in a “high” state. The reset pulse
may be generated by switching the reset signal to a “low” state for a short period of time, e.g. less

than 1 ns or less than 0.5 ns, before switching the reset signal back to the “high” state.
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[0029]  In various embodiments, the reset circuit arrangement may include a NAND gate having
a first input, a second input, and an output. The reset circuit arrangement may also include a first
NOT gate having an input configured to receiving the second input voltage, and an output
connected to the first input of the NAND gate. The reset circuit arrangement may further include
a second NOT gate having an input connected to the output of the first NOT gate, and an output
connected to the second input of the NAND gate.

[0030] The reset circuit arrangement may be configured so that the output of the NAND gate
may be configured to generate the reset signal upon the fall of the second input voltage.

[0031] In various embodiments, the switch circuit arrangement 204 may include a D flip-flop.
The output of the NAND gate may be connected to the D flip-flop, i.e. the reset (RST) input or
port of the D flip-flop.

[0032] In various embodiments, the switch circuit arrangement 204 may further include a
current mirror circuit arrangement coupled to the D flip-flop. The reset pulse (generated by the
reset circuit arrangement) may be provided to the D flip-flop so that the D flip-flop, upon receiving
the reset pulse, controls the current mirror circuit arrangement to activate the preamplifier.

[0033] In various embodiments, the D flip-flop may include an input or port (D) configured to
be coupled to a fixed reference voltage source. The fixed reference voltage source may provide a
voltage Vpp, which may correspond to a digital logic “high”.

[0034]  In the current context, a “high” state may refer to a logical “1” state, and a “low” state
may refer to a logical “0” state.

[0035] Invarious embodiments, the D flip-flop may further include a clock input or port (CLK)
configured to be coupled to a variable signal based on the second input voltage and the first input
voltage received by the preamplifier 202. The variable signal may be complementary or inverted
(Vewn) to an output of the comparator circuit arrangement (Vewwm).

[0036] The output of the comparator circuit arrangement (Vewm) may be generated based on
the output of the preamplifier 202 and the boost voltage.

[0037] In various embodiments, the D flip-flop may also include a reset input or port (RST)
configured to receive the reset signal so that the reset pulse resets the D flip-flop, i.e. upon the fall
of the second input voltage. The D flip-flip may also include an output (Q) configured to generate
apower down (PWD) signal based on the fixed voltage, the variable signal, and the reset signal.
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[0038] The power down signal may be at a first state (may be referred to as “power off” state
or “power down” state) upon the second input voltage exceeding the first input voltage. The power
down signal may be at a second state (may be referred to as “power on” state or “power up” state)
upon the fall of the second input voltage.

[0039] In various embodiments, the switch circuit arrangement 204 may further include a
current mirror circuit arrangement coupled to the D flip-flop.

[0040]  The current mirror circuit arrangement may be connected to the preamplifier 202, e.g.
the power input of the preamplifier 202. The preamplifier 202 may be configured to be deactivated
when the power down signal is at the first state (“power off” state or “power down” state).
Conversely, the preamplifier 202 may be configured to be activated when the power down signal
is at the second state (“power on” state or “power up” state).

[0041]  The current mirror circuit arrangement may include a current mirror and a current mirror
switch. The current mirror switch may be configured to receive the power down signal. The current
mirror switch may be configured to control the current mirror, i.e. configured to activate or
deactivate the current mirror, based on a state of the power down signal. The current mirror switch
may be configured to deactivate the current mirror when the power down signal is at the first state
(“power off” state or “power down” state), thereby deactivating the preamplifier 202. The current
mirror switch may be further configured to activate the current mirror when the power down signal
is at the second state (“power on” state or “power up” state), thereby activating the preamplifier
202.

[0042] Inthe current context, “activate” may mean to turn or switch on, while “deactivate” may
mean to turn or switch off.

[0043] In various embodiments, the pull-up circuit arrangement 206 may be configured to
receive the reset signal and may be further configured to provide the boost voltage to the
preamplifier output signal (for the predetermined duration) upon receiving the reset pulse.

[0044] In various embodiments, the pull-up circuit arrangement 206 may include a fixed boost
voltage source configured to provide the boost voltage. The boost voltage may be the voltage Vpp.
In various embodiments, the boost voltage may be or may not be equal to the voltage provided by

the fixed reference voltage source to the D flip-flop.
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[0045] In various embodiments, the pull-up circuit arrangement 206 may include a pull-up
switch. The pull-up switch may be configured to connect the output of the preamplifier 202 to the
fixed boost voltage source upon receiving the reset pulse, thereby provide the boost voltage to the
preamplifier output signal for the predetermined duration.

[0046] In various embodiments, the comparator circuit arrangement 200 may include a first
inverter having an input connected to the output of the preamplifier, and an output. The comparator
circuit arrangement 200 may also include a second inverter having an input connected to the output
of the first inverter, and an output configured to generate the output of the comparator circuit
arrangement (VpwmMm). The output of the first inverter may be configured to generate the variable
signal that may be complementary or inverted (Vpy ) to the output of the comparator circuit
arrangement (Vewm).

[0047] FIG. 3A shows a schematic of a comparator circuit arrangement 300 according to
various embodiments as well as the timing diagram of the various signals provided to or generated
by the comparator circuit arrangement 300.

[0048]  The comparator circuit arrangement 300 may include a preamplifier 302 having a first
input (e.g. positive input) configured to be coupled to a first input voltage (Vm), a second input
(e.g. negative input) configured to be coupled to a second input voltage, i.e. a ramp voltage
(Vramp), and an output configured to generate a preamplifier output signal based on the first input
voltage (V) and the second input voltage (Vrampe). The comparator circuit arrangement 300 may
also include a switch circuit arrangement 304 coupled to the preamplifier 302, the switch circuit
arrangement 304 configured to deactivate the preamplifier 302 upon the second input voltage
exceeding the first input voltage and further configured to activate the preamplifier 302 upon a fall
of the second input voltage. The switching signal provided to the switch circuit arrangement 304
to deactivate or activate the preamplifier 302 may be denoted as SWi. The comparator circuit
arrangement 200 may further include a pull-up circuit arrangement 306 coupled to the output of
the preamplifier 302, the pull-up circuit arrangement 306 configured to provide a boost voltage to
the preamplifier output signal for a predetermined duration upon the fall of the second input
voltage.

[0049] The comparator circuit arrangement 300 may include a first inverter 308a having an

input connected to the output of the preamplifier 302, and an output. The comparator circuit



WO 2019/182511 PCT/SG2019/050133

11

arrangement 300 may also include a second inverter 308b having an input connected to the output
of the first inverter 308a, and an output configured to generate the output of the comparator circuit
arrangement (Vpwm).

[0050] The comparator circuit arrangement 300 may utilize a low-power technique (i.e. to
lower the power consumption) as well as a high-speed recovery technique. As the ramp voltage
Vramp increases from a low voltage (View) to point A, the comparator circuit arrangement 300 may
behave in a similar manner as a conventional comparator. However, as the comparator circuit
arrangement 300 may not be required to be active after point A is sensed or detected, the
comparator circuit arrangement 300 may be configured to be switched off until point B. The
operating biasing current provided to the input supply port of the preamplifier 302 may be switched
off by switch circuit arrangement 304. From point B, the preamplifier 302 may again be provided
with the operating biasing current as Vramp increases. The preamplifier 302 may not need to be
active for sensing the exact crossing point of two inputs at the time of B but should be ready for
searching the input level after the time point B. By cutting off the preamplifier operating current
from A to B, the total current consumption and therefore power consumption may be reduced.
[0051] FIG. 3B shows a detailed schematic of the comparator circuit arrangement 300
according to various embodiments. Not all elements in FIG. 3B have been labelled to avoid clutter
and improve clarity. These elements will be labelled in the subsequent FIGS.

[0052] As shown in FIG. 3B, the switch circuit arrangement 304 (denoted by dashed line
boundary) may include a D flip-flop 310 and a current mirror 312 coupled or connected to the D
flip-flop 312. The switch circuit arrangement 304 may further include a reset circuit arrangement
314 with the input coupled or connected to the second input of the preamplifier 302. The output
of the reset circuit arrangement 314 may be coupled or connected to the D flip-flop 310 and the
pull-up circuit arrangement 306.

[0053] FIG. 3C shows a detailed timing diagram of various signals provided to or generated by
the comparator circuit arrangement 300 according to various embodiments. FIG. 3D is a schematic
showing the reset circuit arrangement 314 and the D flip-flop 310 according to various
embodiments.

[0054] When the comparator circuit arrangement senses the crossing point A, the output

(VpwMm) may change from state “high” to state “low” (see timing diagram in FIG. 3A). The
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complementary signal (Vpyy5s) may be used for the clock signal of the D flip-flop 310 whose input
(D) is fixed to Vpp (logic-high). By doing so, the power down (PWD) signal from output (Q) may
accordingly change from logic state “low” to logic state “high” in the first CLK rising edge (sce
FIG. 3C). After the PWD signal becomes “high”, the preamplifier 302 may be deactivated or
switched off. The D flip-flop 310 may need to be reset at the point B to make the PWD signal
“low”. Since the Vramp drops with a large voltage swing at the point B, a few logic gates (NOT
gates and NAND gates) may be enough to create a shot-pulse in the reset signal (RST). After the
PWD signal gets “low”, the preamplifier 302 may again be activated or powered on to start
searching input level again (using Vramp).

[0055] In other words, the D flip-flop 310 may include an input (D) configured to be coupled
to a fixed reference voltage source (Vpbp). The D flip-flop 310 may also include a clock input
(CLK) configured to be coupled to a variable signal (Vpyy,) Which is complementary or inverted
to an output of the comparator circuit arrangement (Vewm). The D flip-flop 310 may also include
areset input (RST) configured to receive the reset signal (RST) so that the reset pulse (i.e. the shot-
pulse) resets the D flip-flop 310 upon the fall of the second input voltage Vrame. The D flip-flip
310 may also include an output (Q) configured to generate a power down signal (PWD) based on
the fixed voltage (VDD), the variable signal (Vpyy), and the reset signal (RST).

[0056]  The reset circuit arrangement 314 may be configured to provide the reset signal (RST)
to the switch circuit arrangement 304, i.e. the flip flop 310, so that the switch circuit arrangement
304, i.e. the current mirror 312, is configured to activate the preamplifier 302. The reset circuit
arrangement 314 may include a NAND gate 314a having a first input, a second input, and an
output. The reset circuit arrangement 314 may also include a first NOT gate 314b having an input
configured to receiving the second input voltage, and an output connected to the first input of the
NAND gate 314a. The reset circuit arrangement 3 14 may further include a second NOT gate 314¢
having an input connected to the output of the first NOT gate 314b, and an output connected to the
second input of the NAND gate 314a. The reset circuit arrangement 314 may be configured so that
the output of the NAND gate 314a is configured to generate the reset signal upon the fall of the

second input voltage.
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[0057] As Vramp drops at point B, the output of NOT gate 314b may be at “high” while the
output of NOT gate 314c may also still remain at “high” for a predetermined period of time. In
other words, there may be a delay before the output of NOT gate 314¢ switches from “high” to
“low”. The “high” state present in both NOT gates 314b and 314¢ may result in the generation of
the reset pulse at the output of the NAND gate 314a.

[0058]  As such, resettable D flip-flop 310 may cooperate together with logic gates 314a-c to
generate the PWD signal.

[0059]  FIG. 3E shows the part of the comparator circuit arrangement 300’ according to various
embodiments associated with reducing power consumption. The current mirror circuit
arrangement 312 may be connected to the preamplifier 302. The current mirror circuit arrangement
312 may also be connected to the flip flop 310, i.e. the output (Q) of the flip flop 310. The current
mirror circuit arrangement 312 may include a current mirror 312a and a current mirror switch 312b
(ISW). The current mirror arrangement 312 may also include a current source 318 connected to
the current mirror 312a. The current mirror switch 312b may be configured to deactivate the
current mirror 312a when the power down signal (PWD) is at the first state (“power off” state or
“power down” state), thereby deactivating the preamplifier 302. The current mirror switch 312b
may be further configured to activate the current mirror 312a when the power down signal (PWD)
is at the second state ((“power on” state or “power up” state), thereby activating the preamplifier
302.

[0060]  The current mirror 312a may include a first transistor 316a (e.g. a n-channel metal oxide
field effect transistor or nMOS) including a control electrode, a first controlled electrode and a
second controlled electrode. The current mirror may also include a second transistor 316b (e.g. a
n-channel metal oxide field effect transistér or nMOS) including a control electrode, a first
controlled electrode and a second controlled electrode. The control electrodes of the two transistors
316a,b may be connected together. The second controlled electrodes of the two transistors 316a,b
may be connected to ground. The first controlled electrode of the first transistor 316a may be
connected to preamplifier 302, while the first controlled electrode of the second transistor 316b
may be connected to the current source 318. The current mirror switch 312b may have one end
connected to the control electrodes of the two transistors 316a,b and another end connected to

ground. The state of the current mirror switch 312b may be controlled by the PWD signal.
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[0061] When the power down signal (PWD) is at the first state (“power off” state or “power
down” state), the current mirror switch 312b may be in the “closed state” (i.e. connected) and the
control electrodes of the two transistors 316a,b may be at ground, thus deactivating the current
mirror 312a. The current mirror switch 312 may thus prevent reference current from the current
source 318 from flowing into the current mirror 312a, so that biasing operating current may be
stopped from flowing to the preamplifier 302. When the power down signal (PWD) is at the second
state (‘“power on” state or ‘“‘power up” state), the current mirror switch 312b may be in the “open”
state (i.e. disconnected) and the control electrodes of the two transistors 316a,b may be at a
predetermined positive voltage, thus activating the current mirror 312a and allowing the biasing
operating current to flow to the preamplifier 302.

[0062] FIG. 3F shows the timing diagrams of an output signal of a conventional comparator
(VepwMm conventional comp) as well as the various signals provided to or generated by the low-
power (LP) comparator circuit arrangement 300’ according to various embodiments. FIG. 3F
shows that the power down signal (PWD) gets “high” when the second input signal Vramp exceeds
the first input signal Vi, and that the power down signal (PWD) is maintained at “high” until the
second input signal Vramp drops to “low”. The output of the low-power comparator circuit
arrangement 300’ may follow the power down signal (PWD), and the reset signal (RST) may be
asserted as the power down signal (PWD) becomes “low”.

[0063]  The current in the low-power comparator circuit arrangement 300’ (Idd LP-Comp) may
be at about 1.27 mA when the power down signal (PWD) signal is “low”, and may be at about 6
UA when the power down signal (PWD) signal is “high”. The average current of the low-power
comparator circuit arrangement 300” may be 671 pA while the average current of the conventional
comparator may be about 1.444 mA from the simulations. Various embodiments may thus reduce
the total power consumption.

[0064] By powering off the preamplifier 302 when the comparator circuit arrangement 300’
senses the second input voltage exceeding the first input voltage, the comparator circuit
arrangement may suffer from a long recovery time before the preamplifier 302 is powered on
again.

[0065] FIG. 3G shows a schematic of the comparator circuit arrangement 300’ according to

various embodiments without the pull-up circuit arrangement 306 as well as the timing diagram of
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the various signals provided to or generated by the comparator circuit arrangement 300°. FIG. 3G
shows that when the switch circuit arrangement 304 is activated to provide biasing operating
current to the preamplifier 302, there may be a delay before the output of the comparator circuit
arrangement 300’ (Vpwwm) responds to the activation of the switch circuit arrangement 304. As a
result of this long “wake up” time, the comparator circuit arrangement 300’ may be unable to
operate at a high switching frequency.

[0066]  Various embodiments may include the the pull-up circuit arrangement 306 to address
the slow recovery time.

[0067]  FIG. 3H shows a schematic of the comparator circuit arrangement 300 according to
various embodiments as well as the timing diagram of the various signals provided to or generated
by the comparator circuit arrangement 300 to illustrate how the pull-up circuit arrangement 306
improves the recovery time.

[0068] By providing a boost voltage to the preamplifier output signal for a predetermined
duration (e.g. less than 1 ns or less than 0.5 ns) upon the fall of the second input voltage, the output
of the comparator circuit arrangement (Vpwm) may be pulled up as the preamplifier 302 is
powering up. In other words, the comparator circuit arrangement 300 may be pulled up faster than
comparator circuit arrangement 300,

[0069]  Without the pull-up circuit arrangement 306, the comparator circuit arrangement 300’
may have to wait for the preamplifier 302 to gradually be in the full state after the switch circuit
arrangement 304 is activated before Vpwum goes high, thereby causing delay. The pull-up circuit
arrangement 306 may help to pull up the output of the comparator circuit arrangement (Vewm)
when the preamplifier 302 is in the midst of recovering to the full state.

[0070] The pull-up circuit arrangement 306 may also be referred to as a reset switch (RST
switch).

[0071]  FIG. 31 is a detailed timing diagram of the comparator circuit arrangements 300, 300’
according to various embodiments (switching frequency (Fsw) is 90 MHz and first input voltage is
0.1 V) illustrating the effects with and without the pull up circuit arrangement 306. As shown in
FIG. 31, the output of the preamplifier 302 of the arrangement 300° without the reset switch 306
(Pre-amp out w/o RST switch) may increase slightly in response to the low first input voltage of

0.1 V and the second input voltage (i.e. ramping voltage) after the preamplifier 302 is activated by
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the biasing operating current. However, as the first input voltage crosses with the second input
voltage (i.e. ramping voltage), the output of the preamplifier 302 of the arrangement 300’ may be
reduced, resulting in a relatively flat output (Vewm w/o RST switch).

[0072]  On the other hand, for the comparator circuit arrangement 300 including the reset switch
300, the preamplifier output (Pre-amp with RST switch) may increase to about 1.4 V with the help
of the pull-up switching arrangement 306. The output of the comparator circuit arrangement 300
(Vrwwm with RST switch) may become “high” before switching to “low” as the input voltages Vin
Vramp cross. FIG. 31 also shows the reset signal (RST) and the power down signal (PWD).
[0073] FIG. 3] is another detailed timing diagram of the comparator circuit arrangements 300,
300’ according to various embodiments (switching frequency (Fsw) is 90 MHz and first input
voltage is 0.9 V) illustrating the effects with and without the pull up circuit arrangement 306.
[0074]  For the comparator 300’ without the pull-up circuit arrangement 306, the comparator
output (Vrwm w/o RST switch) may become high only a while after Vramp drops and subsequently
increases. On the other hand, for the comparator 300 with the pull-up circuit arrangement 306, the
comparator output (Vepwwm with RST switch) may become high shortly after drop of Vramp. FIG.
3] also shows the reset signal (RST) and the power down signal (PWD).

[0075]  As shown above, the comparator 300’ without the pull-up circuit arrangement 306 may
be unable to respond to low first input voltages (V). The average current of the comparator 300
with the pull-up circuit arrangement 306 may be about 881 pA, while the average current of the
comparator 300’ without the pull-up circuit arrangement 306 may be slightly lower at about 824
tA. The conventional comparator may consume an average current of about 1.519 mA based on
simulations.

[0076] FIG. 3K shows an implementation of the comparator circuit arrangement 300 according
to various embodiments.

[0077] FIG. 3L shows alternative input voltages as well as the switching signal associated with
the comparator circuit arrangement 300 according to various embodiments. In various
embodiments, the second input voltage may have a triangle waveform. The triangle waveform may
have a first part that increases from a first predetermined value below a value of the first input
voltage to a second predetermined value above the value of the first input voltage within a first

predetermined period of time, and a second part that decreases from the second predétermined
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value to the first predetermined value within a second predetermined period of time substantially
equal to the first predetermined period of time.

[0078]  For second input voltage having the triangle waveform, the power consumption may be
reduced by almost 50%, no matter what the first input voltage level is.

[0079]  Various embodiments may provide a power efficient gated PWM comparator circuit
arrangement which reduces the power consumption by switching off the operating current after
ramp signal reaches a predetermined input level. The comparator circuit arrangement may also
employ a pull-up circuit arrangement connected to the preamplifier together with the switch circuit
arrangement, so that the comparator circuit arrangement is capable to operate at a high switching
frequency under low power consumption. The circuit simulation may prove the effectiveness of
the pull-up circuit arrangement in the PWM comparator circuit arrangement when it operates at
90MHz switching frequency. The circuit simulation may also show that the average current of the
low-power high-speed comparator is about 881 pA while the conventional comparator consumes
about 1.519 mA.

[0080] FIG. 4 shows a schematic of a method of forming a comparator circuit arrangement
according to various embodiments. The method may include, in 402, providing a preamplifier
having a first input configured to be coupled to a first input voltage, a second input configured to
be coupled to a second input voltage, and an output configured to generate a preamplifier output
signal based on the first input voltage and the second input voltage. The method may also include,
in 404, coupling a switch circuit arrangement to the preamplifier, the switch circuit arrangement
configured to deactivate the preamplifier upon the second input voltage exceeding the first input
voltage and further configured to activate the preamplifier upon a fall of the second input voltage.
The method may further include, in 406, coupling a pull-up circuit arrangement to the output of
the preamplifier, the pull-up circuit arrangement configured to provide a boost voltage to the
preamplifier output signal for a predetermined duration upon the fall of the second input voltage.

[0081] In other words, the method may include coupling both the switch circuit arrangement
and the pull-up circuit arrangement to the preamplifier.

[0082] In various embodiments, the method may include connecting an input of a first inverter

to the output of the preamplifier.
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[0083] The method may also include also include connecting an input of a second inverter to
an output of the first inverter. An output of the second inverter may be configured to generate the
output of the comparator circuit arrangement.

[0084] In various embodiments, the switch circuit arrangement may include a reset circuit
arrangement coupled to the second input of the preamplifier. The reset circuit arrangement is
configured to provide or generate a reset signal upon the fall of the second input voltage.

[0085] In various embodiments, the switch circuit arrangement may include a D flip-flop. The
output of the NAND gate may be connected to the D flip-flop, i.e. the reset (RST) input or port of
the D flip-flop.

[0086] In various embodiments, the switch circuit arrangement may further include a current
mirror circuit arrangement coupled to the D flip-flop. The reset pulse (generated by the reset circuit
arrangement) may be provided to the D flip-flop so that the D flip-flop, upon receiving the reset
pulse, controls the current mirror circuit arrangement to activate the preamplifier.

[0087] In various embodiments, the D flip-flop may include an input or port (D) configured to
be coupled to a fixed reference voltage source. The fixed reference voltage source may provide a
voltage Vpp, which may correspond to a “high” state or digital logic “1” state.

[0088]  Invarious embodiments, the D flip-flop may further include a clock input or port (CLK)
configured to be coupled to a variable signal based on the second input voltage and the first input
voltage received by the preamplifier. The variable signal may be complementary or inverted to an
output of the comparator circuit arrangement.

[0089]  The output of the comparator circuit arrangement may be generated based on the output
of the preamplifier and the boost voltage.

[0090] Invarious embodiments, the D flip-flop may also include a reset input or port configured
to receive the reset signal so that the reset pulse resets the D flip-flop, i.e. upon the fall of the
second input voltage. The D flip-flip may also include an output configured to generate a power
down signal based on the fixed voltage, the variable signal, and the reset signal.

[0091] The power down signal may be at a first state (may be referred to as “power off” state
or “power down” state) upon the second input voltage exceeding the first input voltage. The power
down signal may be at a second state (may be referred to as “power on” state or “power up” state)

upon the fall of the second input voltage.
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[0092] In various embodiments, the switch circuit arrangement may further include a current
mirror circuit arrangement coupled to the D flip-flop.

[0093] The current mirror circuit arrangement may be connected to the preamplifier, e.g. the
power input of the preamplifier. The preamplifier may be configured to be deactivated when the
power down signal is at the first state (“power off” state or “power down” state). Conversely, the
preamplifier may be configured to be activated when the power down signal is at the second state
(“power on” state or “power up” state).

[0094]  The current mirror circuit arrangement may include a current mirror and a current mirror
switch. The current mirror switch may be configured to receive the power down signal. The current
mirror switch may be configured to control the current mirror, i.e. configured to activate or
deactivate the current mirror, based on a state of the power down signal. The current mirror switch
may be configured to deactivate the current mirror when the power down signal is at the first state
(“power off” state or “power down” state), thereby deactivating the preamplifier. The current
mirror switch may be further configured to activate the current mirror when the power down signal
is at the second state (“power on” state or “power up” state), thereby activating the preamplifier.
[0095] In various embodiments, the pull-up circuit arrangement may be configured to receive
the reset signal and may be further configured to provide the boost voltage to the preamplifier
output signal (for the predetermined duration) upon receiving the reset pulse.

[0096] In various embodiments, the pull-up circuit arrangement may include a fixed boost
voltage source configured to provide the boost voltage. The boost voltage may be the voltage Vpp.
In various embodiments, the boost voltage may be or may be not equal to the voltage provided by
the fixed reference voltage source to the D flip-flop.

[0097]  In various embodiments, the pull-up circuit arrangement may include a pull-up switch.
The pull-up switch may be configured to connect the output of the preamplifier to the fixed boost
voltage source upon receiving the reset pulse, thereby provide the boost voltage to the preamplifier
output signal for the predetermined duration.

[0098] FIG. 5 shows a schematic of a method of operating a comparator circuit arrangement
according to various embodiments. The method may include, in 502, coupling a first input voltage
to a first input of a preamplifier. The method may also include, in 504, coupling a second input

voltage to a second input of the preamplifier. The preamplifier may also include an output
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configured to generate a preamplifier output signal based on the first input voltage and the second
input voltage. The comparator circuit arrangement may further include a switch circuit
arrangement coupled to the preamplifier, the switch circuit arrangement configured to deactivate
the preamplifier upon the second input voltage exceeding the first input voltage and further
configured to activate the preamplifier upon a fall of the second input voltage. The comparator
circuit arrangement may additionally include a pull-up circuit arrangement coupled to the output
of the preamplifier, the pull-up circuit arrangement configured to provide a boost voltage to the
preamplifier output signal for a predetermined duration upon the fall of the second input voltage.

[0099]  In other words, the method may include coupling the first input voltage to the first input
of the preamplifier and coupling the second input voltage to the second input of the preamplifier.

[00100] The first input voltage may be a fixed voltage or a variable voltage.

[00101] In various embodiments, the first input voltage may have a first waveform. The second
input voltage may have a second waveform including a first part that increases from a first
predetermined value below a value of the first input voltage to a second predetermined value above
the value of the first input voltage within a first predetermined period of time, and a second part
that decreases from the second predetermined value to the first predetermined value within a
second predetermined period of time, the second predetermined period of time being shorter than
the first predetermined period of time. In various embodiments, the first waveform may vary more
slowly than the second waveform.

[00102] In various other embodiments, the second input voltage may have a triangle waveform.
The triangle waveform may have a first part that increases from a first predetermined value below
a value of the first input voltage to a second predetermined value above the value of the first input
voltage within a first predetermined period of time, and a second part that decreases from the
second predetermined value to the first predetermined value within a second predetermined period
of time substantially equal to the first predetermined period of time.

[00103] Various embodiments may relate to or include a current power-on/off scheme and
implementation in the PWM comparator to reduce the power consumption. Various embodiments
may relate to or include a quick output recovery switch in current power-on in the above PWM

comparator to realize high speed switching operation.
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[00104] A conventional PWM comparator draws the operating current in the preamplifier all
time.

[00105] Various embodiments may relate to drawing a current in a function period and scheme
implementation.

[00106] Various embodiments may relate to speeding up the recovery by a pull-up switch at the
preamplifier output, and may help to compensate the lowering of the switching speed (due to long
recovery time of the preamplifier) by current on/off scheme.

[00107] Various embodiments may have lower power consumption and higher switching speeds.
Various embodiments may have improved efficiency.

[00108] While the invention has been particularly shown and described with reference to specific
embodiments, it should be understood by those skilled in the art that various changes in form and
detail may be made therein without departing from the spirit and scope of the invention as defined
by the appended claims. The scope of the invention is thus indicated by the appended claims and
all changes which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced.
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1. A comparator circuit arrangement comprising:

a preamplifier having a first input configured to be coupled to a first input
voltage, a second input configured to be coupled to a second input voltage, and an
output configured to generate a preamplifier output signal based on the first input
voltage and the second input voltage;

a switch circuit arrangement coupled to the preamplifier, the switch circuit
arrangement configured to deactivate the preamplifier upon the second input
voltage exceeding the first input voltage and further configured to activate the
preamplifier upon a fall of the second input voltage; and

a pull-up circuit arrangement coupled to the output of the preamplifier, the pull-up
circuit arrangement configured to provide a boost voltage to the preamplifier
output signal for a predetermined duration upon the fall of the second input
voltage;

wherein the switch circuit arrangement comprises a reset circuit arrangement
coupled to the second input of the preamplifier; and

wherein the reset circuit arrangement is configured to generate a reset pulse in a

reset signal upon the fall of the second input voltage.

2. The comparator circuit arrangement according to claim 1,

wherein the first input voltage has a first waveform;
wherein the second input voltage has a second waveform comprising:

a first part that increases from a first predetermined value below a value of
the first input voltage to a second predetermined value above the value of the first

input voltage within a first predetermined period of time;
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a second part that decreases from the second predetermined value to the
first predetermined value within a second predetermined period of time, the
second predetermined period of time being shorter than the first predetermined
period of time; and

wherein the first waveform varies more slowly than the second waveform.

3. The comparator circuit arrangement according to claim 1,
wherein the reset circuit arrangement comprises:
a NAND gate having a first input, a second input, and an output;
a first NOT gate having an input configured to receiving the second input
voltage, and an output connected to the first input of the NAND gate; and
a second NOT gate having an input connected to the output of the first

NOT gate, and an output connected to the second input of the NAND gate.

4. The comparator circuit arrangement according to claim 3,
wherein the reset circuit arrangement is configured so that the output of
the NAND gate is configured to generate the reset pulse upon the fall of

the second input voltage.

5. The comparator circuit arrangement according to claim 1,

wherein the switch circuit arrangement comprises a D flip-flop.

6. The comparator circuit arrangement according to claim 5,
wherein the switch circuit arrangement further comprises a current mirror circuit
arrangement coupled to the D flip-flop; and
wherein the reset pulse is provided to the D flip-flop so that the D flip-flop, upon
receiving the reset pulse, controls the current mirror circuit arrangement to

activate the preamplifier.

7. The comparator circuit arrangement according to claim 6,
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wherein the D flip-flop comprises an input configured to be coupled to a fixed
reference voltage source;

wherein the D flip-flop further comprises a clock input configured to be coupled
to a variable signal based on the second input voltage and the first input voltage
received by the preamplifier;

wherein the D flip-flop also comprises a reset input configured to receive the reset
signal so that the reset pulse resets the D flip-flop; and

wherein the D flip-flip also comprises an output configured to generate a power

down signal based on the fixed voltage, the variable signal, and the reset signal.

8. The comparator circuit arrangement according to claim 7,
wherein the variable signal is complementary or inverted to an output of the
comparator circuit arrangement; and
wherein the output of the comparator circuit arrangement is generated based on

the output of the preamplifier and the boost voltage.

9. The comparator circuit arrangement according to claim 8,
wherein the power down signal is at a first state upon the second input voltage
exceeding the first input voltage; and
wherein the power down signal is at a second state upon the fall of the second

input voltage.

10. The comparator circuit arrangement according to claim 6,

wherein the current mirror circuit arrangement is connected to the preamplifier.

11. The comparator circuit arrangement according to claim 10,
wherein the preamplifier is configured to be deactivated when the power down
signal is at the first state; and
wherein the preamplifier is configured to be activated when the power down

signal is at the second state.



25

12. The comparator circuit arrangement according to claim 11,
wherein the current mirror circuit arrangement comprises a current mirror and a
current mirror switch;
wherein the current mirror switch is configured to deactivate the current mirror
when the power down signal is at the first state, thereby deactivating the
preamplifier; and wherein the current mirror switch is further configured to
activate the current mirror when the power down signal is at the second state,

thereby activating the preamplifier.

13. The comparator circuit arrangement according to claim 1,
wherein the pull-up circuit arrangement is configured to receive the reset signal
and further configured to provide the boost voltage to the preamplifier output

signal upon receiving the reset pulse.

14. The comparator circuit arrangement according to claim 13,
wherein the pull-up circuit arrangement comprises a fixed boost voltage source

configured to provide the boost voltage.

15. The comparator circuit arrangement according to claim 14,
wherein the pull-up circuit arrangement comprises a pull-up switch; and
wherein the pull-up switch is configured to connect the output of the preamplifier
to the fixed boost voltage source upon receiving the reset pulse, thereby provide

the boost voltage to the preamplifier output signal for the predetermined duration.

16. The comparator circuit arrangement according to claim 8, further comprising:
a first inverter having an input connected to the output of the preamplifier, and an
output;
a second inverter having an input connected to the output of the first inverter, and

an output configured to generate the output of the comparator circuit arrangement.
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17. A method of forming a comparator circuit arrangement, the method comprising:
providing a preamplifier having a first input configured to be coupled to a first
input voltage, a second input configured to be coupled to a second input voltage,
and an output configured to generate a preamplifier output signal based on the
first input voltage and the second input voltage;
coupling a switch circuit arrangement to the preamplifier, the switch circuit
arrangement configured to deactivate the preamplifier upon the second input
voltage exceeding the first input voltage and further configured to activate the
preamplifier upon a fall of the second input voltage; and
coupling a pull-up circuit arrangement to the output of the preamplifier, the pull-
up circuit arrangement configured to provide a boost voltage to the preamplifier
output signal for a predetermined duration upon the fall of the second input
voltage;
wherein the switch circuit arrangement comprises a reset circuit arrangement
coupled to the second input of the preamplifier; and
wherein the reset circuit arrangement is configured to generate a reset pulse in a

reset signal upon the fall of the second input voltage.

18. A method of operating a comparator circuit arrangement, the method comprising:
coupling a first input voltage to a first input of a preamplifier;
coupling a second input voltage to a second input of the preamplifier, the
preamplifier further comprising an output configured to generate a preamplifier
output signal based on the first input voltage and the second input voltage;
wherein the comparator circuit arrangement further comprises a switch circuit
arrangement coupled to the preamplifier, the switch circuit arrangement
configured to deactivate the preamplifier upon the second input voltage exceeding
the first input voltage and further configured to activate the preamplifier upon a

fall of the second input voltage; and
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wherein the comparator circuit arrangement further comprises a pull-up circuit
arrangement coupled to the output of the preamplifier, the pull-up circuit
arrangement configured to provide a boost voltage to the preamplifier output
signal for a predetermined duration upon the fall of the second input voltage;
wherein the switch circuit arrangement comprises a reset circuit arrangement
coupled to the second input of the preamplifier; and

wherein the reset circuit arrangement is configured to generate a reset pulse in a

reset signal upon the fall of the second input voltage.

19. The method according to claim 18,
wherein the first input voltage has a first waveform;
wherein the second input voltage has a second waveform comprising:

a first part that increases from a first predetermined value below a value of
the first input voltage to a second predetermined value above the value of the first
input voltage within a first predetermined period of time;

a second part that decreases from the second predetermined value to the
first predetermined value within a second predetermined period of time, the
second predetermined period of time being shorter than the first predetermined
period of time; and

wherein the first waveform varies more slowly than the second waveform.



