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(57) Abstract: One or more examples relate to methods and apparatuses for measuring a voltage node. An example method may include
providing, between an input of a measurement circuit and a voltage node associated with a higher voltage domain than the measurement
circuit, a circuit including decoupled capacitors, the decoupled capacitors including at least a first capacitor and a second capacitor;
generating, by the measurement circuit, a first digital value representing a voltage level related to a voltage level at the voltage node
at least partially responsive to performing a measurement process utilizing the circuit; and generating, by a processor, a second digital
value representing the voltage level at the voltage node at least partially responsive to the first digital value and a scaling factor, the
scaling factor representing a pre-specified relationship between the voltage level represented by the first digital value and the voltage
level at the voltage node.
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MEASURING VOLTAGE LEVEL OF A VOLTAGE NODE UTILIZING A
MEASUREMENT INTEGRATED CIRCUIT

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Patent Application Serial No. 63/200,837, filed March 31, 2021, for, “ON CHIP
MEASUREMENT OF HIGH VOLTAGE NODE WITH LOW VOLTAGE
MEASUREMENT CIRCUIT AND RELATED SYSTEMS, METHODS AND
DEVICES,” the content and disclosure of which is incorporated herein in its entirety by

this reference.

FIELD
One or more examples relate to measurement of analog nodes, and more

specifically, on chip measurement of a voltage node.

BACKGROUND
Integrated circuits (chips) are utilized in a variety of operational context, including

automotive and industrial contexts.

BRIEF DESCRIPTION OF THE DRAWINGS

To easily identify the discussion of any particular element or act, the most
significant digit or digits in a reference number refer to the figure number in which that
element is first introduced.

FIG. 1 is a schematic diagram depicting an apparatus, in accordance with one or
more examples.

FIG. 2 a schematic diagram depicting a voltage monitoring system, in accordance
with one or more examples.

FIG. 3 is a flow diagram depicting a process for measuring a voltage at a high node
utilizing a measurement circuit having a lower voltage domain than the voltage domain of
the voltage node, in accordance with one or more examples.

FIG. 4 is a flow diagram depicting a measurement process, in accordance with one

or more examples.
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FIG. 5 is a schematic diagram depicting a cross-sectional view of an NMOS switch,
in accordance with one or more examples.

FIG. 6 is a schematic diagram depicting a voltage monitoring system, in accordance
with one or more examples.

FIG. 7 is a flow diagram depicting a process for measuring a voltage at a high node
utilizing a measurement circuit having a lower voltage domain than the voltage domain of
the voltage node, in accordance with one or more examples.

FIG. 8 is a flow diagram depicting a first measurement process of the process
depicted by FIG. 7, in accordance with one or more examples.

FIG. 9 is a flow diagram depicting a second measurement process of the process
depicted by FIG. 7, in accordance with one or more examples.

FIG. 10 is a schematic diagram depicting an electronic system, in accordance with
one or more examples.

FIG. 11 is a timing diagram depicted signals from a contemplated operation of the
voltage monitoring system of FIG. 2, in accordance with one or more examples.

FIG. 12 is a timing diagram depicted signals from a contemplated operation of the

voltage monitoring system of FIG. 6, in accordance with one or more examples.

MODE(S) FOR CARRYING OUT THE INVENTION

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof, and in which are shown, by way of illustration,
specific examples of examples in which the present disclosure may be practiced. These
examples are described in sufficient detail to enable a person of ordinary skill in the art to
practice the present disclosure. However, other examples enabled herein may be utilized,
and structural, material, and process changes may be made without departing from the
scope of the disclosure.

The illustrations presented herein are not meant to be actual views of any particular
method, system, device, or structure, but are merely idealized representations that are
employed to describe the examples of the present disclosure. In some instances, similar
structures or components in the various drawings may retain the same or similar numbering

for the convenience of the reader; however, the similarity in numbering does not
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necessarily mean that the structures or components are identical in size, composition,
configuration, or any other property.

The following description may include examples to help enable one of ordinary
skill in the art to practice the disclosed examples. The use of the terms “exemplary,” “by
example,” and “for example,” means that the related description is explanatory, and though
the scope of the disclosure is intended to encompass the examples and legal equivalents,
the use of such terms is not intended to limit the scope of an example or this disclosure to
the specified components, steps, features, functions, or the like.

It will be readily understood that the components of the examples as generally
described herein and illustrated in the drawings could be arranged and designed in a wide
variety of different configurations. Thus, the following description of various examples is
not intended to limit the scope of the present disclosure, but is merely representative of
various examples. While the various aspects of the examples may be presented in the
drawings, the drawings are not necessarily drawn to scale unless specifically indicated.

Furthermore, specific implementations shown and described are only examples and
should not be construed as the only way to implement the present disclosure unless
specified otherwise herein. Elements, circuits, and functions may be shown in block
diagram form in order not to obscure the present disclosure in unnecessary
detail. Conversely, specific implementations shown and described are exemplary only and
should not be construed as the only way to implement the present disclosure unless
specified otherwise herein. Additionally, block definitions and partitioning of logic
between various blocks is exemplary of a specific implementation. It will be readily
apparent to one of ordinary skill in the art that the present disclosure may be practiced by
numerous other partitioning solutions. For the most part, details concerning timing
considerations and the like have been omitted where such details are not necessary to
obtain a complete understanding of the present disclosure and are within the abilities of
persons of ordinary skill in the relevant art.

Those of ordinary skill in the art will understand that information and signals may
be represented using any of a variety of different technologies and techniques. Some
drawings may illustrate signals as a single signal for clarity of presentation and
description. It will be understood by a person of ordinary skill in the art that the signal may

represent a bus of signals, wherein the bus may have a variety of bit widths and the present
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disclosure may be implemented on any number of data signals including a single data
signal.

The various illustrative logical blocks, modules, and circuits described in
connection with the examples disclosed herein may be implemented or performed with a
general purpose processor, a special purpose processor, a digital signal processor (DSP), an
Integrated Circuit (IC), an Application Specific Integrated Circuit (ASIC), a Field
Programmable Gate Array (FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herein - all of which are encompassed by use of the term
“processor.” A general-purpose processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices,
such as a combination of a DSP and a microprocessor, a plurality of microprocessors, one
or more microprocessors in conjunction with a DSP core, or any other such
configuration. A general-purpose computer including a processor is considered a special-
purpose computer while the general-purpose computer is to execute computing instructions
(e.g., software code, without limitation) related to examples of the present disclosure.

The examples may be described in terms of a process that is depicted as a
flowchart, a flow diagram, a structure diagram, or a block diagram. Although a flowchart
may describe operational acts as a sequential process, many of these acts can be performed
in another sequence, in parallel, or substantially concurrently. In addition, the order of the
acts may be re-arranged. A process may correspond to a method, a thread, a function, a
procedure, a subroutine, a subprogram, other structure, or combinations
thereof. Furthermore, the methods disclosed herein may be implemented in hardware,
software, or both. If implemented in software, the functions may be stored or transmitted
as one or more instructions or code on computer-readable media. Computer-readable
media includes both computer storage media and communication media including any
medium that facilitates transfer of a computer program from one place to another.

2% ¢

Any reference to an element herein using a designation such as “first,” “second,”
and so forth does not limit the quantity or order of those elements, unless such limitation is
explicitly stated. Rather, these designations may be used herein as a convenient method of

distinguishing between two or more elements or instances of an element. Thus, a reference
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to first and second elements does not mean that only two elements may be employed there
or that the first element must precede the second element in some manner. In addition,
unless stated otherwise, a set of elements may include one or more elements.

As used herein, the term “substantially” in reference to a given parameter, property,
or condition means and includes to a degree that one of ordinary skill in the art would
understand that the given parameter, property, or condition is met with a small degree of
variance, such as within acceptable manufacturing tolerances. By way of example,
depending on the particular parameter, property, or condition that is substantially met, the
parameter, property, or condition may be at least 90% met, at least 95% met, or even at

least 99% met.

2 < 2% << 2% ¢

As used herein, any relational term, such as “over,” “under,” “on,” “underlying,”
“upper,” “lower,” etc., is used for clarity and convenience in understanding the disclosure
and accompanying drawings and does not connote or depend on any specific preference,
orientation, or order, except where the context clearly indicates otherwise.

In this description the term “coupled” and derivatives thereof may be used to
indicate that two elements co-operate or interact with each other. When an element is
described as being “coupled” to another element, then the elements may be in direct
physical or electrical contact or there may be intervening elements or layers present. In
contrast, when an element is described as being “directly coupled” to another element, then
there are no intervening elements or layers present. The term “connected” may be used in
this description interchangeably with the term “coupled,” and has the same meaning unless
expressly indicated otherwise or the context would indicate otherwise to a person having
ordinary skill in the art.

A measurement circuit, such as an analogic-to-digital-converter (ADC), may be
used to measure a voltage level at a node and generate a digital value that corresponds to
the measured voltage level. An ADC typically has a range of voltage levels for which it
may generate a digital value that accurately corresponds to a voltage level present at its
input (referred to herein as the “input range™), unless it has the help of other circuitry
arranged between a node of interest and an input of the ADC.

In the case of a digital measurement circuit (such as a successive approximation
(SAR) ADC, without limitation) implemented in an integrated circuit (IC), the input range
is typically constrained by the type of IC technology. As a non-limiting example, a digital
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ADC implemented in Complementary Metal-Oxide—Semiconductor (CMOS) type
integrated circuit, typically has an input range below 3.3V (e.g., OV t0 1.2V, 0V to 1.8V,
0V to 3.3V, without limitation). As used herein, the term "measurement circuit" means a
digital measurement circuit implemented in an integrated circuit. In an IC, a measurement
circuit in an electronic system with other IC blocks, is referred to herein as "on-chip.", i.e.,
the measurement circuit is on the IC.

Sometimes an IC interfaces with electronic circuits that operate at, or generate
voltages at, a higher voltage domain than the chip. As a non-limiting example, voltages
levels used to represent signals in voltage domain of a given electronic circuit may be
higher than the voltage levels used to represent signals in a voltage domain of an IC
(e.g.. 5-10V versus 1.2V - 3.3V, without limitation) interfacing with the electronic circuit,
without limitation.

When a voltage level at a node of interest (a node to be measured) is outside the
input range of a measurement circuit, one technique known to the inventors of this
disclosure is to measure an input voltage having a voltage level that is some pre-specified
ratio of a voltage level at the node of interest. For example, a resistive voltage divider
circuit may couple a node of interest to an input of a measurement circuit to provide an
input voltage having a voltage level that is a pre-specified ratio of the voltage level at the
node of interest. A digital value generated by the measurement circuit corresponds to the
voltage level of the input voltage and then is adjusted (e.g., scaled up, without limitation)
by a processor that is aware of a relationship (e.g., a transfer function, without limitation)
between a voltage at the node of interest and a voltage at an output of the voltage divider
circuit.

When a voltage source providing the voltage at the node of interest has a low output
impedance, the influence of the low output impedance on the relationship between the node
of interest and output of the voltage divider circuit is negligible. So, in the case of a low
output impedance voltage source, if a relationship is pre-specified at a processor that
receives the digital value generated by the measurement circuit, the processor should, in
theory, be able to calculate a digital value representing the voltage level at the node of
interest in response to the pre-specified relationship and the digital value representing the

voltage level at the input of the measurement circuit.
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During operation of a chip, high impedance nodes are often generated for specific
applications. In the non-limiting example of automotive chips, high voltage, high
impedance (HVHZ) nodes are generated and used intensively. Such HVHZ nodes are
monitored, on-chip, including by measurement circuits, to, as non-limiting examples,
comply with functional safety requirements. Although various examples are described
herein with reference to high voltage, high impedance nodes, the disclosure is not so
limited, and various examples may include and/or be related to measuring any voltage
node, higher, the same or lower than a measurement circuit, and having high or low
impedance. Disclosed examples may be utilized to measure a high impedance, high
voltage node, low impedance, high voltage node, high impedance, low voltage node, or a
low impedance low voltage node, without limitation

When anode of interest at a higher voltage domain than a measurement circuit is
coupled to the measurement circuit by a high impedance node (i.e., a high impedance
output of a voltage source), the inventor of this disclosure appreciates that the influence of
the high impedance on the relationship between the node of interest and the output of a
voltage divider circuit (or other scaling circuit) is not negligible, and in fact may be
significant. So, a pre-specified relationship may not accurately represent a relationship
between the output of the voltage divider and the node of interest if it does not account for
the influence of such a high impedance.

As a non-limiting example, a HVHZ node may load a resistive voltage divider
circuit (since such resistance implemented on-chip is typically much less than impedance
of a HVHZ node) causing a voltage drop between the node of interest and the input to the
resistive voltage divider circuit.

One technique to address the voltage drop discussed above known to the inventors
of this disclosure is to increase the resistance or physical size of resistors in a resistive
voltage divider circuit, generally to Mega Ohms (Mohms). However, chip designers may
not be able to afford the real-estate requirements for Mohm resistors.

As used herein, the term “high voltage node™ means a voltage node having a
voltage domain that is higher than a voltage domain of a measurement circuit. The voltage
domain may be higher because the voltage levels used to represent signals at the voltage
node may be higher than the voltages used to represent signals at the measurement circuit.

The voltage domain may be higher because the voltage levels at the voltage node may be
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higher than an input range at which a measurement circuit can reliability measure a voltage
level at the node.

FIG. 1 is a schematic diagram depicting an apparatus 100, in accordance with one
or more examples.

Apparatus 100 includes a processor 114, a measurement circuit 102, a voltage
scaling circuit 104 and a voltage node 106. Processor 114 is coupled to receive an output
of measurement circuit 102. Measurement circuit 102 is coupled to voltage node 106 via
voltage scaling circuit 104.

Measurement circuit 102 is, generally, a digital measurement circuit to generate a
first digital value 116 that represents a voltage level of input voltage Viv at an input 108 of
measurement circuit 102. In one or more examples, input voltage Vin may be for a single
ended input, such as a single ended input of a SAR ADC, without limitation.

Voltage scaling circuit 104 couples input 108 of measurement circuit 102 to voltage
node 106. Voltage node 106 is associated with voltage domain Vpomain1, measurement
circuit 102 is associated with voltage domain Vbomain2, and Vpomain1 1s higher than Vbomain2.
Voltage scaling circuit 104 is to generate a scaled voltage Vscare according to a pre-
specified relationship between an input voltage and output voltage of voltage scaling
circuit 104, where the input voltage of voltage scaling circuit 104 is voltage Vbc appearing
at input 110 of voltage scaling circuit 104, and the output voltage of voltage scaling
circuit 104 is scaled voltage VscaLe appearing at output 112 of voltage scaling circuit 104.
In one or more examples, voltage VscaLk is a scaled-down version of voltage Vbc, 1.e., a
voltage level of voltage VscaLe is lower than a voltage level of scaled voltage Vpc, the
relationship between a voltage level of scaled voltage VscaLe and a voltage level of voltage
Vbc, being the pre-specified relationship, which may also be characterized herein as
“proportional." In one or more examples, voltage scaling circuit 104 is to generate scaled
voltage VscacLk at least partially responsive to control signals 124 for a measurement
process generated by logic 122 of measurement circuit 102.

Processor 114 is, generally, to generate second digital value 118 that represents a
voltage level of voltage Vpc at least partially responsive to first digital value 116 and
scaling factor 120. Scaling factor 120 represents the pre-specified relationship between

input voltage and output voltage of voltage scaling circuit 104 discussed above. In one or
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more examples, processor 114 adjusts (e.g., increases, without limitation) first digital
value 116 utilizing scaling factor 120 to obtain second digital value 118.

FIG. 2 is a schematic diagram depicting a voltage monitoring system 200 in
accordance with one or more examples. Voltage monitoring system 200 is a non-limiting
example of apparatus 100.

Voltage monitoring system 200 includes measurement circuit 204 coupled to
voltage node 202 via voltage scaling circuit 214 and optional analog connection 206.

Voltage scaling circuit 214 is, generally, to scale-down a voltage from a first
voltage level at input 216 to a second, lower, voltage level at output 210. Voltage scaling
circuit 214 is coupled at voltage monitoring system 200 to generate a scaled voltage VscaLe
(an output voltage of voltage scaling circuit 214) that is a scaled-down version of voltage
Vbc at voltage node 202 (an input voltage of voltage scaling circuit 214) according to a
pre-specified relationship between input voltage and output voltage of voltage scaling
circuit 214.

Measurement circuit 204 is, generally, a digital measurement circuit, and optionally
includes a successive approximation-register 232 (SAR ADC 232). Measurement
circuit 204 is to generate a first digital value 212 that represents a voltage level of an input
voltage Vin, Vv optionally being for a single ended voltage input of SAR ADC 232.

Processor 226, which is aware of the pre-specified relationship between input
voltage and output voltage of voltage scaling circuit 214 via scaling factor 234 (a function
or value stored or configured at, or accessible to, processor 226), generates second digital
value 236 representing the voltage level of voltage Vpc at Voltage node 202 by increasing
first digital value 212 utilizing scaling factor 234.

Optional analog connection 206 (optionality indicated by dashed border of
block 206) is, generally, to provide an electrical connection between analog nodes of a
chip. In FIG. 2, analog connection 206 is an access point to one or more analog nodes for
measurement or monitoring of such analog nodes and their analog circuitry, e.g., by
measurement circuit 204. Analog connection 206 provides at least a portion of a voltage
path between voltage node 202 and measurement circuit 204. In the specific example
depicted by FIG. 2, analog connection 206 is to carry scaled voltage VscaLe to input 230 of
measurement circuit 204 as Viv. In one or more examples, analog connection 206 may

couple a voltage scaling circuit 214 physically located at voltage node 202 to a
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measurement circuit 204 physically located elsewhere on-chip. Analog connection 206
may include, by way of non-limiting example, on-chip metal wires and CMOS switches
configured as an analog test bus.

Turning back to voltage scaling circuit 214, voltage scaling circuit 214 includes a
number of on-chip capacitors, here two capacitors CAP1 and CAP2, a first end of each of
which are respectively coupled to ground, and switches, here switches 218, 220, 222,
and 224 controlled to be ON (i.e., turned ON) or OFF (i.e., turned OFF) for switchable
coupling and decoupling via respective control signals S1, S2 and S3 as depicted, control
signals S1, 82, and S3 generated by logic 238 of measurement circuit 204. In certain
CMOS process, on-chip capacitors and transistor switches can be implemented to support
high voltage, e.g.. a high voltage gate oxide capacitor can support up to 20V, and high
voltage NMOS or PMOS transistors building switches can support up to 20V.

Generally speaking, operation of voltage scaling circuit 214 may be controlled at
least partially responsive to control signals S1, S2 and S3 generated by logic 238 according
to a “charge phase” and a “charge sharing phase.” During a charge phase, capacitor CAP1
is coupled (i.e., switchably coupled) to voltage node 202 (via switch 218, which is ON
responsive to signal S1) and decoupled (i.e., switchably decoupled) from the remainder of
voltage scaling circuit 214 (switch 220 is OFF responsive to signal S2) including capacitor
CAP2. Capacitor CAP2 is decoupled (i.e., switchably decoupled) from capacitor CAP1
(switch 220 is OFF responsive to signal S2) and from the output 210 of voltage scaling
circuit 214 (switch 224 is OFF responsive to signal S3), and series coupled (i.e., switchably
coupled) between ground connections (switch 222 is ON responsive to signal S4), and so
reset (charges to) to ground voltage (e.g., 0 volts, without limitation).

During a charge sharing phase, capacitor CAP1 is decoupled (i.e., switchably
decoupled) from voltage node 202 (switch 218 is OFF), capacitors CAP1 and CAP2 are
coupled (i.e., switchably coupled) to each other (switch 220 is ON responsive to signal S2),
and a second end of capacitor CAP2 is decoupled (i.e., switchably decoupled) from ground
(switch 222 is OFF responsive to signal S4).

Charge phase and charge sharing phase have the same total charge Q=Vpc*Cl, as

expressed by Equation 1: 3“:“’\ O 3\\7{433 * f\("*\g\ i\‘:{ where C1 and C2 are the
capacitance values for capacitors CAP1 and CAP2, respective, Vpc is the voltage provided

by DC voltage source 208 through impedance Rout, and VscaLe is the scaled voltage

10
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provided by voltage scaling circuit 214. So, by rewriting Equation 1 the relationship
between the voltage Vpc provided by the voltage source 208 through impedance Rout and

scaled voltage VscarLe may be expressed as Equation 2:

In one or more examples, capacitance values for capacitors CAP1 and CAP2 may
be chosen that are expected to result in a scaled voltage VscaLe within a voltage domain of
measurement circuit 204,

Switching current Isw1 is the average current between impedance Rout and CAP1
when switch 218 is tumed ON, periodically. With an initial charge of 0 Volts across CAP1
at the beginning of each ON cycle of switch 218, the magnitude of current Isw1 is expressed
by the equation: Isw1=C1*(Vpc) *fs1, where fs1 1s the frequency of the signal S1 used to tum
ON and turn OFF switch 218. Switching current Isw1 is small (less than 0.1 uA) if there is a
slow clock frequency (about 1 KHz to 10 KHz) and small capacitance C1 (about 300
fF). When switching current Isw1 is small and the impedance of impedance Rout is up to
about 1 Mohm, then the voltage drop across impedance Rout, Isw1*Rout < 0.1V, which can
be ignored. Stated another way, Vpc is seen by switch 218 as if there is no voltage drop
across impedance Rout and charges CAP1.

When switch 222 and its various CMOS transistors are turned ON it provides a path
to ground. When switch 222 and its various CMOS transistors are turned OFF (i.e.,
transition from ON to OFF), a leakage current ILeak (more specifically, a mix of reversed
biased PN junction leakage current and subthreshold leakage current of high voltage/low
voltage transistor switches) flows through the turned OFF CMOS transistors of switch 222
toward ground.

When switch 222 is turned OFF during a charge share phase, some of the charge
stored during the charge phase on capacitor CAP1 is drained from capacitors CAP1 and
CAP2 via the leakage current ILeax, contributing to the scaling down of Vpc to
VscaLe. Leakage current ILeak may dramatically increase with temperature, and operation
temperature of such a circuit can operate up to, for example, 145°C in automotive
applications.

A low frequency control signal S1 therefore does have at least one drawback, as a

slow clock frequency means long clock period, T, and any charge loss due to leakage is a

11
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function of the clock OFF period (ON time = OFF time= T/2) for switch 222, i.e., lieac*T/2.
Therefore, licak, introduces more error with slower clock, which may decrease measurement
accuracy.

FIG. 3 is a flow diagram depicting a process 300 for measuring a voltage at a
voltage node utilizing a measurement circuit having a lower voltage domain than the
voltage domain of the voltage node, in accordance with one or more examples.

At operation 302, process 300 provides a circuit (e.g., voltage scaling circuit 214,
without limitation) including decoupled capacitors (i.e., switchably decoupled capacitors)
between an input of a measurement circuit (e.g., measurement input 230 of measurement
circuit 204, without limitation) having a second voltage domain (e.g., Voomamz of FIG. 2)
and a high voltage node (e.g., Voltage node 202, without limitation) having a first voltage
domain (e.g., Vpomami of FIG. 2), the second voltage domain lower than the first voltage
domain. The decoupled capacitors include at least a first capacitor (e.g., CAP1 of FIG. 2,
without limitation) and a second capacitor (e.g., CAP2 of FIG. 2, without limitation).

As a non-limiting example, voltage node 202 is associated with a higher voltage
domain than measurement circuit 204 because voltage domain Vpomam (associated with
voltage node 202) uses higher voltage levels to represent signals than voltage domain
Vpomainz (associated with measurement circuit 204). Alternatively, this may be
characterized as domain Vpomamz (associated with measurement circuit 204) using lower
voltage levels to represent signals than voltage domain Vbomam: (associated with voltage
node 202).

As a non-limiting example with reference to FIG. 2, capacitors CAP1 and CAP2 are
initially decoupled (i.e., are switchably decoupled) from each other (i.e., are “decoupled
capacitors™) because switch 220, which couples capacitors CAP1 and CAP2, is OFF
responsive to signal S2; capacitor CAP1 is initially decoupled (i.e., switchably decoupled)
from voltage node 202 because switch 218, which couples capacitor CAP1 with voltage
node 202, is OFF responsive to signal S2; a second end of capacitor CAP2 is initially
decoupled (i.e., switchably decoupled) from ground because switch 222, which couples the
second end of capacitor CAP2 with ground is OFF responsive to signal S4.

At operation 304, process 300 generates, by the measurement circuit (e.g.,
measurement circuit 204 of FIG. 2, without limitation), a first digital value representing a

voltage level (e.g., of an input voltage Vin of the measurement circuit 204, without
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limitation) that is related to a voltage level of a voltage at the voltage node (e.g., Vbc at
Voltage node 202, without limitation) at least partially responsive to performing a
measurement process that utilizes the circuit including first and second capacitors (e.g., via
voltage scaling circuit 214 responsive to signals S1-S4 and timing control by logic 238 at
measurement circuit 204 of FIG. 2 for performing the measurement process utilizing
voltage scaling circuit 214, without limitation).

At operation 306, process 300 generates, by a processor (e.g., processor 226,
without limitation), a second digital value (e.g., second digital value 236, without
limitation) representing the voltage level of the voltage at the voltage node (e.g., Vbc at
voltage node 202, without limitation). Process 300 generates the second digital value at
least partially responsive to the first digital value (e.g., first digital value 212, without
limitation) and a scaling factor (e.g., scaling factor 234, without limitation). The scaling
factor represents a pre-specified relationship between the voltage level represented by the
first digital value and a voltage level at the high voltage node (e.g., Vpc at voltage
node 202, without limitation). In one or more examples, to obtain a digital value that
represents the voltage level of the voltage at the high voltage node (e.g., Vbc at voltage
node 202, without limitation), process 300 adjusts the first digital value at least partially
responsive to the relationship represented by the scaling factor to obtain the second digital
value.

FIG. 4 is a flow diagram depicting a measurement process 400, in accordance with
one or more examples. Measurement process 400 is a non-limiting example of a
measurement process performed at operation 304 of process 300.

At operation 402, measurement process 400 optionally provides a circuit including
decoupled capacitors between an input of a measurement circuit and a voltage node, the
high voltage node having a higher voltage domain than a voltage domain of the
measurement circuit, the decoupled capacitors including at least a first capacitor and a
second capacitor, as described with reference to operation 302 of process 300 depicted by
FIG. 3.

At operation 404, measurement process 400 couples (e.g., turns ON switch 218
responsive to signal S1, without limitation) the first capacitor and the voltage node to start
fully charging the first capacitor at least partially responsive to a voltage at the voltage

node. The first capacitor and second capacitor remain decoupled (i.e., switchably
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decoupled) during operation 404 because switch 220, which couples capacitors CAP1 and
CAP2 is OFF responsive to signal S2.

At operation 406, measurement process 400 couples the second capacitor between
two ground connections (e.g., turns ON switch 222, responsive to signal S4, without
limitation, to couple the second end of capacitor CAP2 to ground such that CAP2 is
coupled in series between two ground connections) to start discharging the second
capacitor CAP2. Optionally, this may reset the second capacitor CAP2 by draining any
charge stored at the second capacitor.

At operation 408, measurement process 400 decouples the first capacitor and the
voltage node (e.g., turns OFF switch 218 responsive to signal S1, without limitation),
decouples the second end of second capacitor CAP2 and one of the ground connections
(e.g., turns OFF switch 222 responsive to signal S4, without limitation), to end respective
charging of the first capacitor and discharging of the second capacitor.

At operation 410, measurement process 400 couples (e.g., in parallel, without
limitation) the second capacitor and the first capacitor (e.g., turns ON switch 220
responsive to signal S2, without limitation) to share the charge of the first capacitor with
the second capacitor. Charge stored at the first capacitor (e.g., during operation 406,
without limitation) is shared between the parallel-coupled first and second capacitors
during operation 410.

An operation 412, measurement process 400 couples the input of the measurement
circuit and a circuit including the coupled (e.g., parallel coupled, without limitation) first
capacitor and second capacitor (e.g., turns ON switch 224 responsive to signal S3, without
limitation) to generate a voltage level at the input of the measurement circuit proportional
to the voltage level at the voltage node.

When measurement process 400 is performed, the voltage generated at the input of
the measurement circuit in operation 412 is related (i.e., has a known relationship) to the
voltage at the voltage node. Such a relationship may be pre-specified by a scaling factor
and utilized to calculate the voltage level of the voltage at the voltage node.

FIG. 5 is a schematic diagram depicting a cross-sectional view of an NMOS
switch 500. FIG. 5 depicts various leakages including reverse biased pn junction leakage
to ground (depicted by reference numeral 502) and subthreshold leakage to ground

(depicted by reference numeral 504). For example, one or more of switch 222 of FIG. 2, or
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switch 622 of FIG. 6 may by implemented by NMOS switch 500. As will be appreciated,
NMOS switch 500 has three terminals (i.e., gate, drain, and source). A gate of NMOS
switch 500 is coupled to ground to turn the switch OFF, drain may be coupled to scaled
voltage VscaLk, and a source may be coupled to ground. A P substrate (or P well) is
coupled to ground. Notably, some CMOS process use P substrate and some CMOS
process use P well, neither exceeds the scope of this disclosure.

As discussed above, when switch 222 is turned OFF during a charge share phase,
some of the charge stored during a previous charge phase is drained via a leakage current
ILeak, contributing to the scaling down of voltage Vpc to scaled voltage VscaLe. In one or
more examples, a circuitry of an analog connection, such as analog connection 206, may
include a number of CMOS transistor type switches coupled to ground. Such switches and
their respective CMOS transistors are typically turned OFF when, for example, analog
connection 206 provides scaled voltage VscaLe to measurement circuit 204, and so analog
connection 206 may exhibit leakage current to ground via the turned OFF switches.

For a voltage monitoring system, such as voltage monitoring system 200, without
limitation, to operate in a wide temperature range, the inventor of this disclosure
appreciates that it would be desirable to account for leakage current at voltage scaling
circuit 214 and analog connection 206 in the measurement process.

FIG. 6 is a schematic diagram depicting a voltage monitoring system 600 in
accordance with one or more examples. Voltage monitoring system 600 includes
measurement circuit 604 coupled to voltage node 602 via voltage scaling circuit 614 and
analog connection 606.

Voltage monitoring system 600 includes voltage node 602, voltage scaling
circuit 614, optional analog connection 606, measurement circuit 604, and processor 628.
Measurement circuit 604 is coupled to voltage node 602 via voltage scaling circuit 614 and
optional analog connection 606. Processor 628 receives first digital values 612 generated
by measurement circuit 604,

Voltage scaling circuit 614 includes a number of on-chip capacitors, here capacitors
CAP1, CAP2, and CAP3, respectively coupled to ground, and switches, here switch 618,
620, 626, and 622, controlled to be ON (or turned ON) or OFF (or turned OFF) via
respective control signals S1, S2, 83, S5 and S4 as depicted, control signals S1, S2, 83, S5,
and S4 generated by logic 634 of measurement circuit 604. Switch 624 is turned ON or
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turned OFF by signal S3 generated by logic 634 of measurement circuit 604, to selectively
provide a scaled voltage VscaLe toward a measurement input of measurement circuit 604.
Voltage scaling circuits 614 includes capacitor CAP3 and switch 626 not included in
voltage scaling circuit 214 of FIG. 2.

Voltage monitoring system 600 is similar to voltage monitoring system 200 and so
like elements of voltage monitoring system 600 are not re-described here to avoid
unnecessary duplication. Voltage monitoring system 600 obtains a measurement result 630
(also referred to herein as a "final digital value 630") where the influence of current leakage
ILeax at voltage scaling circuit 614 and optional analog connection 606 may be reduced as
compared to voltage monitoring system 200, as discussed below.

In one or more examples, a reduced leakage influenced result (i.e., influence of
leakage current on final digital value 630) is obtained by taking two measurements of
scaled voltage Vpc utilizing voltage scaling circuit 614, optional analog connection 606,
and measurement circuit 604 and calculating the difference of the two values obtained from
the two measurements. One of the two measurements, i.e., of a first scaled voltage
VscacLkl, is performed with capacitor CAP3 decoupled (i.e., switchably decoupled) from
capacitors CAP1 and CAP2 during the charge share phase (e.g., switch 626 is OFF when
switch 620 is turned ON, without limitation), and the other of the two measurements, i.e.,
of a second scaled voltage Vscarg, is performed with capacitor CAP3 coupled (i.e.,
switchably coupled) to capacitors CAP1 and CAP3 during the charge share phase (e.g.,
switch 626 and switch 620 are tumed ON, without limitation). A relationship between the
difference of the two measurements and Vpc is expressed by Equation 3:

v v ( Cc1 Cc1 ) ( Ileak =T /2 Ileak*T/Z)
—_ = ES —_ —
scalel  Fscalez = 'DCT\C1 4+ (€2 Cl1+C2+C3 Cl+C2+C3 C1+C2

Where 772 is a value representing time duration of charge share phases (assumed to

be the same for both measurements), and ILeak is the leakage current at switch 622 and
optionally switches of analog connection 606 during a charge share phase (assumed to be
the same for both measurements). In one or more examples, capacitor CAP3 is selected to
have a capacitance C3 small such that the difference between capacitance C1+C2 and
capacitance C1+C2+C3 is reduced. In one or more examples, a value of capacitance C3 is
selected to be equal to, or less than, a value of capacitance C1, and optionally capacitances
C1 and C3 are selected to be individually or collectively less than capacitance C2 such that
C1+C2 >> C3. In one specific example, non-limiting example, C1=150fF, C2=150fF*3,
16
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C3=150fF. So, while the voltage measurements (i.e., respective ones of first digital
values 612 representing voltage levels of VscaLeir and Vscargz), individually, include error
introduced by leakage such that Equation 4:

Vpe * C1 — lleak T /2
VSCalel = C]_ + CZ

and Equation 5:
N _ VpexCl—lleak +T/2
seatez ™ €1+ (2 +C3

hold, the difference between Vscare: and VscavLe2 (Vscarer and VscaLe,

respectively, the resultant values from performing the two measurements) substantially
reduces influence of leakage current. Processor 628 includes first scaling factor 636a
representing a relationship between Vscarel/Vin and Vpce utilizing a first measurement
process discussed herein, and second scaling factor 636b representing a relationship
between VscaLe2/Vin and Vpc utilizing a second measurement process discussed herein.

Notably, voltage monitoring system 600 may measure a voltage in cases where no,
or negligible, leakage current is experienced or expected without exceeding the scope of
this disclosure. As a non-limiting example, voltage monitoring system 600 may measure a
voltage in a temperature range unlikely to cause leakage current, or a temperature range
including subranges, some of which may cause leakage current and some of which may
not.

FIG. 7A and FIG. 7B are a flow diagram depicting a process 700 for measuring a
voltage at a voltage node utilizing a measurement circuit having a lower voltage domain
than the voltage domain of the voltage node, in accordance with one or more examples.

At operation 702, process 700 provides, between an input of a measurement circuit
(e.g., voltage input of measurement circuit 604, without limitation) and a voltage node
(e.g., voltage node 602, without limitation) associated with a higher voltage domain than
the measurement circuit, a circuit including decoupled capacitors (i.e., switchably
decoupled). The decoupled capacitors include at least a first capacitor (e.g., CAP1 of
FIG. 6, without limitation), a second capacitor (e.g., CAP2 of FIG. 6, without limitation),
and a third capacitor (e.g., CAP3 of FIG. 6, without limitation).

As a non-limiting example, voltage node 602 is associated with a higher voltage
domain than measurement circuit 604 because voltage domain Vpomam (associated with

voltage node 602) uses higher voltage levels to represent signals than voltage domain
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Vpomainz (associated with measurement circuit 604) or uses voltage levels outside an input
range of measurement circuit 604, Alternatively, this may be characterized as domain
Vpomainz (associated with measurement circuit 604) using lower voltage levels to represent
signals than voltage domain VoomaN: (associated with Voltage node 602).

As a non-limiting example with reference to FIG. 6, a first end of each of capacitors
CAP1, CAP2 and CAP3 are coupled (i.e., switchably coupled) to ground, capacitors CAP1
and CAP2 are initially decoupled (i.e., switchably decoupled) from each other because
switch 620, which couples CAP1 and CAP2, is OFF responsive to signal S2; capacitor
CAPI1 is initially decoupled (i.e., switchably decoupled) from voltage node 602 because
switch 618, which couples CAP1 with voltage node 602, is OFF responsive to signal S1; a
second end of capacitor CAP2 is initially decoupled (i.e., switchably decoupled) from
ground because switch 622, which couples the second end of CAP2 with ground, is OFF
responsive to signal S4; capacitors CAP2 and CAP3 are initially decoupled (i.e.,
switchably decoupled) from each other because switch 626, which couples a second end of
each of capacitors CAP3 to CAP2 is OFF responsive to signal S5; and a second end of
capacitor CAP3 is initially decoupled (i.e., switchably decoupled) from ground because
switch 626 and switch 622, which couple the second of capacitor CAP3 to ground, are OFF
responsive to signals S5 and S4, respectively.

At operation 704, process 700 generates, by the measurement circuit (e.g.,
measurement circuit 604, without limitation), a first digital value (e.g., a first one of the
digital values 612, without limitation) representing a voltage level (e.g., a voltage level of
an input voltage Vv of the measurement circuit 604, without limitation) related to a
voltage level at the voltage node (e.g., a voltage level of Vpc at voltage node 602, without
limitation) at least partially responsive to performing a first measurement process utilizing
the circuit including first, second, and third capacitors (e.g., via voltage scaling circuit 614
responsive to control signals S1-S5 and timing control by logic 634 at measurement
circuit 604 for performing one or more measurement process utilizing voltage scaling
circuit 614, including a first measurement process, without limitation).

At operation 706, process 700 generates, by a processor (e.g., processor 628,
without limitation), a second digital value intermediately representing the voltage level at
the voltage node. Process 700 generates the second digital value at least partially

responsive to the first digital value (e.g., first one of the digital values 612, without
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limitation) and a first scaling factor (e.g., scaling factor 636a, without limitation). The first
scaling factor represents a pre-specified relationship between the voltage level represented
by the first digital value and the voltage level at the voltage node.

At operation 708, process 700 generates, by the measurement circuit, a third digital
value (e.g., a second one of the digital values 612, without limitation) representing a further
voltage level related to the voltage level at the voltage node at least partially responsive to
performing a second measurement process utilizing the circuit.

At operation 710, process 700 generates, by a processor, a fourth digital value
intermediately representing the further voltage level at the voltage node. Process 700
generates the fourth digital value at least partially responsive to the third digital value and a
second scaling factor (e.g., scaling factor 636b, without limitation). The second scaling
factor representing a pre-specified relationship between the voltage level represented by the
third digital value and the voltage level at the voltage node.

In one or more examples, to obtain a digital value (e.g., the second digital value in
operation 706 or the fourth digital value in operation 710, without limitation) that
intermediately represents the voltage level of the voltage at the voltage node, process 700
adjusts the first digital value or third digital value at least partially responsive to the
relationship represented by the first scaling factor or second scaling factor, respectively.

At operation 712, process 700 generates a final value representing the voltage level
at the voltage node at least partially responsive to the second digital value and the fourth
digital value generated by the processor at operation 706 and operation 710, respectively.

FIG. 8 and FIG. 9 are flow diagrams depicting first measurement process 800 and a
second measurement process 900, respectively, in accordance with one or more examples.
First measurement process 800 and second measurement process 900 are non-limiting
examples of the first measurement process and second measurement process performed in
process 700.

Turning to FIG. 8, in operation 802, first measurement process 800 optionally
provides, between an input of a measurement circuit (e.g., voltage input of measurement
circuit 604, without limitation) and a voltage node (e.g., voltage node 602, without
limitation) associated with a higher voltage domain than the measurement circuit,
decoupled capacitors (e.g., switchably decoupled capacitors of voltage scaling circuit 614,

without limitation). The decoupled capacitors include at least a first capacitor (e.g., CAP1
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of FIG. 6, without limitation), a second capacitor (e.g., CAP2 of FIG. 6, without
limitation), and a third capacitor (e.g., CAP3 of FIG. 6, without limitation).

As a non-limiting example with reference to FIG. 6, capacitors CAP1 and CAP2 are
initially decoupled (i.e., switchably decoupled) from each other because switch 620, which
couples CAP1 and CAP2, is OFF responsive to signal S2; capacitor CAP1 is initially
decoupled (i.e., switchably decoupled) from voltage node 602 because switch 618, which
couples CAP1 with voltage node 602, is OFF responsive to signal S1; capacitor CAP2 and
capacitor CAP3 are initially decoupled (i.e., switchably decoupled) from each other
because switch 626, which couples second ends of CAP2 and CAP3 is OFF responsive to
signal S5; and the second end of CAP2 is initially decoupled (i.e., switchably decoupled)
from ground because switch 622, which couples the second end of CAP2 with ground is
OFF responsive to signal S4.

In operation 804, first measurement process 800 couples the first capacitor and the
voltage node (e.g., switch 618 is turned ON responsive to signal S1, without limitation) to
start fully charging the first capacitor responsive to a voltage at the voltage node.

In operation 806, first measurement process 800 couple the second capacitor
between two ground connections (e.g., switch 622 is turned ON responsive to signal S4
coupling the second end of second capacitor CAP2 to ground such that CAP2 is coupled in
series between two ground connections, without limitation,) to start discharging the second
capacitor.

In operation 808, first measurement process 800 decouples the first capacitor and
the voltage node (e.g., switch 618 is turned OFF responsive to signal S1, without
limitation) and decouples the second end of the capacitor from ground (e.g., switch 622 is
turned OFF responsive to signal S5, without limitation) to end respective charging the first
capacitor and discharging the second capacitor.

In operation 810, first measurement process 800 couples the second capacitor and
the first capacitor (e.g., switch 620 is turned ON responsive to signal S2 such that CAP1
and CAP2 are coupled in parallel, without limitation) to share the charge of the first
capacitor with the second capacitor.

In operation 812, first measurement process 800 couples the input of the
measurement circuit and a circuit including the first capacitor and the second capacitor

coupled in parallel (e.g., switch 624 is turned ON responsive to signal S4 such that
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measurement input, CAP1 and CAP2 are coupled in parallel, without limitation) to
generate a voltage at the input of the measurement circuit proportional to the voltage at the
voltage node (e.g., a first scaled voltage having a voltage level proportional to the voltage
level at the voltage node).

Turning to FIG. 9, in optional operation 902, second measurement process 900
decouples (i.e., switchably decouples) the first capacitor, the second capacitor, and the
input of the measurement circuit. Second measurement process 900 differs from first
measurement process 800, at least in part, by utilizing capacitor CAP3. If second
measurement process 900 follows first measurement process 800, the voltage node and first
capacitor are already decoupled (i.e., switchably decoupled). So, switch 618 is OFF
responsive to signal S1, switch 620 is turned OFF responsive to signal S2, switch 626 is
OFF responsive to signal S5, and switch 622 is OFF responsive to signal S4, and
switch 624 is OFF responsive to signal S3.

In operation 904, second measurement process 900 couples (i.e., switchably
couples) the second capacitor and the third capacitor (e.g., switch 626 is turned ON
responsive to signal S5 so that the second capacitor and third capacitor are coupled in
parallel, without limitation).

In operation 906, second measurement process 900 couples (i.e., switchably
couples) the first capacitor and the voltage node (e.g., switch 618 is turned ON responsive
to signal S1, without limitation) to start fully charging the first capacitor responsive to a
voltage at the voltage node.

In operation 908, second measurement process 900, couples (i.e., switchably
couples) the coupled second/third capacitors in series between two ground connections
(e.g., switch 622 is turned ON responsive to signal S4, without limitation, coupling the
second end of parallel-coupled second/third capacitors CAP2/CAP3 to ground) to
discharge the parallel-coupled second/third capacitors.

In operation 910, second measurement process 900 decouples (i.e., switchably
decouples) the first capacitor and the voltage node and decouples (i.e., switchably
decouples) a second end of the coupled second/third capacitors from ground (e.g.,
switches 618 and 622 are turned OFF responsive to signals S1 and S4, respectively,
without limitation) to finish respective charging of the first capacitor and discharging of the

coupled second/third capacitors.
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In operation 912, second measurement process 900 couples the first, second, and
third capacitors (e.g., switch 620 is turned ON responsive to signal S2, and switch 626 is
already ON responsive to signal S3 such that CAP1, CAP2 and CAP3 are coupled in
parallel, and without limitation) to share the charge of the first capacitor with the coupled
second/third capacitors.

In operation 914, second measurement process 900 couples the input of the
measurement circuit and a circuit including the coupled first, second, and third capacitors
(e.g., switch 624 is turned ON responsive to signal S4, without limitation) to generate a
further voltage level at the input of the measurement circuit proportional to the voltage
level at the voltage node (e.g., a second scaled voltage having a voltage level proportional
to the voltage level at the voltage node).

FIG. 10 is a schematic diagram depicting an IC 1000 that includes multiple scaling
connections, due to the relatively small layout area cost of each scaling circuit, here first
scaling connection 1010 and second scaling connection 1012, for coupling an analog test
bus 1014 to high voltage nodes, here, first high voltage node 1006 and second high voltage
node 1008. In addition, a first SAR ADC 1002 and a second SAR ADC 1016 are provided,
each coupled to analog test bus 1014, and each providing a respective output to a
processor 1004. Processor 1004 includes one or more scaling factors 1018.

For a contemplated measurement of first high voltage node 1006 coupled to analog
test bus 1014 via first scaling connection 1010, via the analog test bus 1014, a value for
scaled voltage Vscace of first high voltage node 1006 is determined by SAR ADC 1002
and provided to processor 1004. For a contemplated measurement of second high voltage
node 1008 coupled to analog test bus 1014 via second scaling connection 1012, via the
analog test bus 1014, a value for scaled voltage VscaLe of second high voltage node 1008 is
readout by SAR ADC 1016 and provided to processor 1004. Supporting multiple HV
nodes at the same time, each with a respective SAR ADC, may allow fast parallel
measurement. This may save measurement time and benefit product test.

FIG. 11 is a timing diagram 1100 depicting signals S1, S2, S3, and S4 of FIG. 2
during a contemplated operation of voltage monitoring system 200 in accordance with
measurement process 400, where a high value indicates that the signal is asserted so that a
respective switch turns ON, and a low value indicates that the signal is de-asserted so that a

respective switch turns OFF.
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At time T1, signals S1 and S4 are asserted to turn ON switches 218 and 222, and
thereby couple first capacitor CAP1 with Voltage node 202 and couple a second end of
second capacitor CAP2 in series between two ground connections. At time T2, signals S1
and S4 are de-asserted to turn OFF switches 218 and 222, and thereby decouple first
capacitor CAP1 and voltage node 202, and decouple the second end of second capacitor
CAP2 from the second of the two ground connections. At time T3, signal S2 is asserted to
turn ON switch 220 and initiate a charge share between first and second capacitors CAP1
and CAP2. At time T4, signal S3 is asserted to turn ON switch 224 to generate a voltage at
the input of the measurement circuit 204 proportional to the voltage at Voltage node 202.
At time TS, signal S3 is de-asserted to turn OFF switch 224 and end generation of the
voltage at the input of measurement circuit 204. Signal S2 remains asserted, and
switch 220 is ON, from time T3 until a time commensurate or after time TS. In a specific
non-limiting example, time skew from times T2 to T3 is 100 nanoseconds (ns), from times
T3 to T4 is 100ns, and T period of 100us.

FIG. 12 is a timing diagram 1200 depicting signals S1, S2, S3, S4 and S5 of FIG. 6
during a contemplated operation of voltage monitoring system 600 in accordance with
second measurement process 900. Notably, a timing diagram for a contemplated operation
of voltage monitoring system 600 in accordance with first measurement process 800 would
substantially match timing diagram 1100 with signal S5 being de-asserted for the full
period depicted.

Generally the description for times T1, T2, T3, T4 and TS5 for timing diagram 1200
are the same as for timing diagram 1100. At time T1, signal S5 is asserted to turn ON
switch 626 and couple capacitor CAP3 and capacitor CAP2 in parallel. Signal S5 is
asserted for a full period T depicted in Fig.12 — time T1 to time T6.

As used in the present disclosure, the term “combination™ with reference to a
plurality of elements may include a combination of all the elements or any of various
different subcombinations of some of the elements. For example, the phrase “A, B, C, D,
or combinations thereof” may refer to any one of A, B, C, or D; the combination of each of
A, B, C, and D; and any subcombination of A, B, C, or D such as A, B, and C; A, B, and
D; A, C,and D; B, C,and D; A and B; A and C; A and D; B and C; B and D; or C and D.

Terms used in the present disclosure and especially in the appended claims (e.g.,

bodies of the appended claims, without limitation) are generally intended as “open” terms
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(e.g., the term “including” should be interpreted as “including, but not limited to,” the term
“having™ should be interpreted as “having at least,” the term “includes’ should be
interpreted as “includes, but is not limited to,” without limitation). As used herein, the
term “each” means some or a totality. As used herein, the term “each and every” means a
totality.

Additionally, if a specific number of an introduced claim recitation is intended,
such an intent will be explicitly recited in the claim, and in the absence of such recitation
no such intent is present. For example, as an aid to understanding, the following appended
claims may contain usage of the introductory phrases “at least one” and “one or more”™ to
introduce claim recitations. However, the use of such phrases should not be construed to
imply that the introduction of a claim recitation by the indefinite articles “a” or “an’ limits
any particular claim containing such introduced claim recitation to embodiments containing
only one such recitation, even when the same claim includes the introductory phrases “one
or more” or “at least one” and indefinite articles such as “a” or “an” (e.g., “a” and/or “an”
should be interpreted to mean “at least one” or “one or more,” without limitation); the same
holds true for the use of definite articles used to introduce claim recitations.

In addition, even if a specific number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such recitation should be interpreted to
mean at least the recited number (e.g., the bare recitation of “two recitations,” without other
modifiers, means at least two recitations, or two or more recitations, without
limitation). Furthermore, in those instances where a convention analogous to “at least one
of A, B, and C, etc.” or “one or more of A, B, and C, etc.” is used, in general such a
construction is intended to include A alone, B alone, C alone, A and B together, A and C
together, B and C together, or A, B, and C together, etc.

Further, any disjunctive word or phrase presenting two or more alternative terms,
whether in the description, claims, or drawings, should be understood to contemplate the
possibilities of including one of the terms, either of the terms, or both terms. For example,
the phrase “A or B” should be understood to include the possibilities of “A” or “B” or “A
and B.”

Additional non-limiting examples include:

Example 1: A method comprising: providing, between an input of a measurement

circuit and a voltage node associated with a higher voltage domain than the measurement
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circuit, a circuit including decoupled capacitors, the decoupled capacitors including at least
a first capacitor and a second capacitor; generating, by the measurement circuit, a first
digital value representing a voltage level related to a voltage level at the voltage node at
least partially responsive to performing a measurement process utilizing the circuit; and
generating, by a processor, a second digital value representing the voltage level at the
voltage node at least partially responsive to the first digital value and a scaling factor, the
scaling factor representing a pre-specified relationship between the voltage level
represented by the first digital value and the voltage level at the voltage node.

Example 2: The method according to Example 1, wherein the measurement
process comprises: coupling the first capacitor and the voltage node to start fully charging
the first capacitor; coupling the second capacitor in series between two ground connections
to start fully discharging the second capacitor; decoupling the first capacitor from the
voltage node and decoupling the second capacitor from one of the two ground connections
to end respective charging and discharging of the first capacitor and the second capacitor;
coupling, in parallel, the first capacitor and the second capacitor to share the charge of the
first capacitor with the second capacitor; and coupling the input of the measurement circuit
and a circuit including the parallel-coupled first capacitor and second capacitor to generate
a voltage level at the input of the measurement circuit proportional to the voltage level at
the voltage node.

Example 3: An apparatus, comprising: a measurement circuit to generate a first
digital value representing a voltage level at an input of the measurement circuit, the
measurement circuit comprising logic to generate control signals for a measurement
process; a voltage scaling circuit to couple the input of the measurement circuit to a voltage
node associated with a higher voltage domain higher than the measurement circuit, the
voltage scaling circuit, responsive to control signals generated by the logic of the
measurement circuit, to generate a scaled voltage according to a pre-specified relationship
between input voltage and output voltage of the voltage scaling circuit; and a processor to
generate a second digital value representing the voltage level at the voltage node at least
partially responsive to: the first digital value and a scaling factor, the scaling factor
representing the pre-specified relationship between input voltage and output voltage of the

voltage scaling circuit.
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Example 4: The apparatus according to Example 3, wherein the voltage scaling
circuit comprises: a first capacitor; a second capacitor; and switches to alternately couple or
decouple the first capacitor and second capacitor at least partially responsive to the control
signals for the measurement process.

Example 5: The apparatus according to any of Examples 3 and 4, wherein the
control signals for the measurement process to control the voltage scaling circuit to: couple
the first capacitor and the voltage node to start fully charging the first capacitor; couple the
second capacitor in series between ground connections to start discharging the second
capacitor; decouple the first capacitor and the voltage node and decouple the second
capacitor and ground connections to end charging of the first capacitor and discharging of
the second capacitor; couple the second capacitor and the first capacitor to share the charge
of the first capacitor with the second capacitor; and couple the input of the measurement
circuit and the coupled first and second capacitors to generate a voltage level at the input of

the measurement circuit proportional to the voltage level at the voltage node.

Example 6: The apparatus according to any of Examples 3 through 5, wherein the
voltage scaling circuit comprises: an input for switchable coupling to the first capacitor;

and an output for switchable coupling to the first capacitor and the second capacitor.

Example 7: The apparatus according to any of Examples 3 through 6, wherein the
measurement circuit comprises a successive-approximation-register (SAR) analog-to-

digital-converter (ADC).

Example 8: The apparatus according to any of Examples 3 through 7, comprising

an analog connection to couple the measurement circuit with the voltage scaling circuit.

Example 9: A method, comprising: providing, between an input of a measurement
circuit and a voltage node associated with a higher voltage domain than the measurement
circuit, a circuit including decoupled capacitors, the decoupled capacitors including at least
a first capacitor, a second capacitor, and a third capacitor; generating, by the measurement
circuit, a first digital value representing a voltage level related to a voltage level at the
voltage node at least partially responsive to performing a first measurement process
utilizing the circuit; generating, by a processor, a second digital value intermediately
representing the voltage level at the voltage node at least partially responsive to the first
digital value and a first scaling factor, the first scaling factor representing a pre-specified

relationship between the voltage level represented by the first digital value and the voltage

26



WO 2022/212992 PCT/US2022/070900

10

15

20

25

30

level at the voltage node; generating, by the measurement circuit, a third digital value
representing a further voltage level related to the voltage level at the voltage node at least
partially responsive to performing a second measurement process utilizing the circuit;
generating, by a processor, a fourth digital value intermediately representing the voltage
level at the voltage node at least partially responsive to the third digital value and a second
scaling factor; and generating a final digital value representing the voltage level at the
voltage node at least partially in response to the second digital value and the fourth digital

value.

Example 10: The method according to Example 9, wherein the first measurement
process comprises: coupling the first capacitor and the voltage node to start fully charging
the first capacitor; coupling the second capacitor in series between two ground connections
to start discharging the second capacitor; decoupling the first capacitor and the voltage
node and decouple the second capacitor and a ground connection to end respective
charging the first capacitor and discharging the second capacitor; coupling the first
capacitor and the second capacitor to share the charge of the first capacitor with the second
capacitor; and coupling the input of the measurement circuit and the circuit including the
coupled first capacitor and the second capacitor to generate a voltage level at the input of

the measurement circuit proportional to the voltage level at the voltage node.

Example 11: The method according to any of Examples 9 and 10, wherein the
second measurement process comprises: coupling the second capacitor and third capacitor;
coupling the first capacitor and the voltage node to start fully charging the first capacitor;
coupling the coupled second and third capacitors between two ground connections to start
discharging the coupled second and third capacitors; decoupling the first capacitor from the
voltage node and decoupling an end of the coupled first and second capacitors from one of
the two ground connections to finish respective charging the first capacitor and discharging
the coupled second and third capacitors; coupling the first capacitor and the coupled second
and third capacitors to share the charge of the first capacitor with the coupled second and
third capacitor; and coupling the input of the measurement circuit and the circuit including
the coupled first, second, and third capacitors to generate a further voltage level at the input

of the measurement circuit proportional to the voltage level at the voltage node.
Example 12: An apparatus, comprising: a measurement circuit to generate digital

values representing voltage levels at an input of the measurement circuit, the measurement
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circuit comprising logic to generate control signals, including control signals for a first
measurement process and control signals for a second measurement process; a voltage
scaling circuit to couple the input of the measurement circuit with a voltage node
associated with a higher voltage domain than the measurement circuit, the voltage scaling
circuit: responsive to control signals for the first measurement process generated by the
logic of the measurement circuit, to generate a first scaled voltage at the input of the
measurement circuit according to a first pre-specified relationship between input voltage
and output voltage of the voltage scaling circuit; and responsive to control signals for the
second measurement process generated by the logic of the measurement circuit, to generate
a second scaled voltage at the input of the measurement circuit according to a second pre-
specified relationship between input voltage and output voltage of the voltage scaling
circuit, a processor to generate digital values intermediately representing a voltage level at
the voltage node at least partially responsive to a first scaling factor representing the first
pre-specified relationship between input voltage and output voltage of the voltage scaling
circuit, a second scaling factor representing the second pre-specified relationship between
input and output voltage of the voltage scaling circuit, and digital values generated by the

measurement circuit.

Example 13: The apparatus according to Example 12, wherein the digital values
generated by the measurement circuit including: a first digital value representing the first
scaled voltage generated by the voltage scaling circuit responsive to control signals for the
first measurement process; and a second digital value representing the second scaled
voltage generated by the voltage scaling circuit responsive to control signals for the second

measurement process.

Example 14: The apparatus according to any of Examples 12 and 13, wherein the
voltage scaling circuit comprises: a first capacitor; a second capacitor; a third capacitor;
and switches to alternately couple or decouple the first capacitor, second capacitor, and
third capacitor at least partially responsive to the control signals for each of the first
measurement process and the second measurement process.

Example 15: The apparatus according to any of Examples 12 through 14, wherein
the control signals for the first measurement process to control the voltage scaling circuit
to: couple the first capacitor and the voltage node to start charge of the first capacitor;

couple the second capacitor between two ground connections to start discharge of the
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second capacitor; decouple the first capacitor from the voltage node and decouple an end of
the second capacitor and one of the two ground connections to finish charge of the first
capacitor and discharge of the second capacitor; couple the first capacitor and the second
capacitor to share the charge of the first capacitor with the second capacitor; and couple the
input of the measurement circuit and an output of the voltage scaling circuit to generate a
voltage level at the input of the measurement circuit proportional to the voltage level at the

voltage node.

Example 16: The apparatus according to any of Examples 12 through 15, wherein
the control signals for the second measurement process to control the voltage scaling
circuit to: couple the second capacitor and the third capacitor; couple the first capacitor and
the voltage node to start charge of the first capacitor; couple the coupled second and third
capacitors between two ground connections to start discharge of the coupled second and
third capacitors; decouple the first capacitor from the voltage node and decouple an end of
the coupled second and third capacitors from one of the two ground connections to finish
charge of the first capacitor and discharge of the coupled second and third capacitors;
couple the first capacitor and the coupled second and third capacitors to share the charge of
the first capacitor with the coupled second and third capacitors; and couple the input of the
measurement circuit and an output of the voltage scaling circuit to generate a further
voltage level at the input of the measurement circuit proportional to the voltage level at the

voltage node.

Example 17: The apparatus according to any of Examples 12 through 16, wherein
the measurement circuit comprises a successive-approximation-register (SAR) analog-to-

digital-converter (ADC).

Example 18: The apparatus according to any of Examples 12 through 17,
comprising an analog connection to couple the measurement circuit with the voltage

scaling circuit.

Example 19: An electronic system, comprising: at least two successive-
approximation-register (SAR) analog-to-digital-converters (ADCs); a first scaling
connection; a second scaling connection; a bus to route a voltage signal provided by the
first and second scaling connection to either one of the at least two SAR ADCs; and a
processor with a scaling factor that represents a relationship between a level of the voltage

signal routed by the bus and a level of a voltage signal generated by a respective device
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coupled to a respective input of each of the first and second scaling connections, wherein
respective devices coupled to the respective input of each of the first and second scaling
connections each have a voltage domain that is higher than a voltage domain of the SAR
ADCs.

While the present disclosure has been described herein with respect to certain
illustrated embodiments, those of ordinary skill in the art will recognize and appreciate that
the present invention is not so limited. Rather, many additions, deletions, and
modifications to the illustrated and described embodiments may be made without departing
from the scope of the invention as hereinafter claimed along with their legal
equivalents. In addition, features from one embodiment may be combined with features of
another embodiment while still being encompassed within the scope of the invention as

contemplated by the inventor.
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CLAIMS

What is claimed is:

5 1. A method comprising;
providing, between an input of a measurement circuit and a voltage node associated with a
higher voltage domain than the measurement circuit, a circuit including decoupled
capacitors, the decoupled capacitors including at least a first capacitor and a second
capacitor;

10 generating, by the measurement circuit, a first digital value representing a voltage level
related to a voltage level at the voltage node at least partially responsive to
performing a measurement process utilizing the circuit; and

generating, by a processor, a second digital value representing the voltage level at the
voltage node at least partially responsive to the first digital value and a scaling

15 factor, the scaling factor representing a pre-specified relationship between the
voltage level represented by the first digital value and the voltage level at the

voltage node.

2. The method of claim 1, wherein the measurement process comprises:
20 coupling the first capacitor and the voltage node to start fully charging the first capacitor;
coupling the second capacitor in series between two ground connections to start fully
discharging the second capacitor;
decoupling the first capacitor from the voltage node and decoupling the second capacitor
from one of the two ground connections to end respective charging and discharging
25 of the first capacitor and the second capacitor;
coupling, in parallel, the first capacitor and the second capacitor to share the charge of the
first capacitor with the second capacitor; and
coupling the input of the measurement circuit and a circuit including the parallel-coupled
first capacitor and second capacitor to generate a voltage level at the input of the

30 measurement circuit proportional to the voltage level at the voltage node.
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3. An apparatus, comprising:

a measurement circuit to generate a first digital value representing a voltage level at an
input of the measurement circuit, the measurement circuit comprising logic to
generate control signals for a measurement process;

a voltage scaling circuit to couple the input of the measurement circuit to a voltage node
associated with a higher voltage domain higher than the measurement circuit,

the voltage scaling circuit, responsive to control signals generated by the logic of the
measurement circuit, to generate a scaled voltage according to a pre-specified
relationship between input voltage and output voltage of the voltage scaling circuit;
and

a processor to generate a second digital value representing the voltage level at the voltage
node at least partially responsive to: the first digital value and a scaling factor, the
scaling factor representing the pre-specified relationship between input voltage and

output voltage of the voltage scaling circuit.

4, The apparatus of claim 3, wherein the voltage scaling circuit comprises:
a first capacitor;
a second capacitor; and
switches to alternately couple or decouple the first capacitor and second capacitor at least

partially responsive to the control signals for the measurement process.

5. The apparatus of claim 4, wherein the control signals for the measurement

process to control the voltage scaling circuit to:

couple the first capacitor and the voltage node to start fully charging the first capacitor;

couple the second capacitor in series between ground connections to start discharging the
second capacitor;

decouple the first capacitor and the voltage node and decouple the second capacitor and
ground connections to end charging of the first capacitor and discharging of the
second capacitor;

couple the second capacitor and the first capacitor to share the charge of the first capacitor

with the second capacitor; and
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couple the input of the measurement circuit and the coupled first and second capacitors to
generate a voltage level at the input of the measurement circuit proportional to the

voltage level at the voltage node.

6. The apparatus of claim 4, wherein the voltage scaling circuit comprises:
an input for switchable coupling to the first capacitor; and

an output for switchable coupling to the first capacitor and the second capacitor.

7. The apparatus of claim 3, wherein the measurement circuit comprises a

successive-approximation-register (SAR) analog-to-digital-converter (ADC).

8. The apparatus of claim 3, comprising an analog connection to couple the

measurement circuit with the voltage scaling circuit.

9. A method, comprising:

providing, between an input of a measurement circuit and a voltage node associated with a
higher voltage domain than the measurement circuit, a circuit including decoupled
capacitors, the decoupled capacitors including at least a first capacitor, a second
capacitor, and a third capacitor;

generating, by the measurement circuit, a first digital value representing a voltage level
related to a voltage level at the voltage node at least partially responsive to
performing a first measurement process utilizing the circuit;

generating, by a processor, a second digital value intermediately representing the voltage
level at the voltage node at least partially responsive to the first digital value and a
first scaling factor, the first scaling factor representing a pre-specified relationship
between the voltage level represented by the first digital value and the voltage level
at the voltage node;

generating, by the measurement circuit, a third digital value representing a further voltage
level related to the voltage level at the voltage node at least partially responsive to

performing a second measurement process utilizing the circuit;
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generating, by a processor, a fourth digital value intermediately representing the voltage
level at the voltage node at least partially responsive to the third digital value and a
second scaling factor; and

generating a final digital value representing the voltage level at the voltage node at least

partially in response to the second digital value and the fourth digital value.

10. The method of claim 9, wherein the first measurement process comprises:
coupling the first capacitor and the voltage node to start fully charging the first capacitor;
coupling the second capacitor in series between two ground connections to start
discharging the second capacitor;
decoupling the first capacitor and the voltage node and decouple the second capacitor and a
ground connection to end respective charging the first capacitor and discharging the
second capacitor;

coupling the first capacitor and the second capacitor to share the charge of the first
capacitor with the second capacitor; and

coupling the input of the measurement circuit and the circuit including the coupled first
capacitor and the second capacitor to generate a voltage level at the input of the

measurement circuit proportional to the voltage level at the voltage node.

11. The method of claim 9, wherein the second measurement process

comprises:

coupling the second capacitor and third capacitor;

coupling the first capacitor and the voltage node to start fully charging the first capacitor;

coupling the coupled second and third capacitors between two ground connections to start
discharging the coupled second and third capacitors;

decoupling the first capacitor from the voltage node and decoupling an end of the coupled
first and second capacitors from one of the two ground connections to finish
respective charging the first capacitor and discharging the coupled second and third
capacitors;

coupling the first capacitor and the coupled second and third capacitors to share the charge

of the first capacitor with the coupled second and third capacitor; and
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coupling the input of the measurement circuit and the circuit including the coupled first,
second, and third capacitors to generate a further voltage level at the input of the

measurement circuit proportional to the voltage level at the voltage node.

5 12. An apparatus, comprising:

a measurement circuit to generate digital values representing voltage levels at an input of
the measurement circuit, the measurement circuit comprising logic to generate
control signals, including control signals for a first measurement process and
control signals for a second measurement process;

10 avoltage scaling circuit to couple the input of the measurement circuit with a voltage node
associated with a higher voltage domain than the measurement circuit, the voltage
scaling circuit:
responsive to control signals for the first measurement process generated by the

logic of the measurement circuit, to generate a first scaled voltage at the

15 input of the measurement circuit according to a first pre-specified

relationship between input voltage and output voltage of the voltage scaling
circuit; and

responsive to control signals for the second measurement process generated by the
logic of the measurement circuit, to generate a second scaled voltage at the

20 input of the measurement circuit according to a second pre-specified

relationship between input voltage and output voltage of the voltage scaling
circuit,

a processor to generate digital values intermediately representing a voltage level at the
voltage node at least partially responsive to a first scaling factor representing the

25 first pre-specified relationship between input voltage and output voltage of the
voltage scaling circuit, a second scaling factor representing the second pre-specified
relationship between input and output voltage of the voltage scaling circuit, and

digital values generated by the measurement circuit.

30 13. The apparatus of claim 12, wherein the digital values generated by the

measurement circuit including:
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a first digital value representing the first scaled voltage generated by the voltage scaling
circuit responsive to control signals for the first measurement process; and
a second digital value representing the second scaled voltage generated by the voltage

scaling circuit responsive to control signals for the second measurement process.

14. The apparatus of claim 13, wherein the voltage scaling circuit comprises:
a first capacitor;
a second capacitor;
a third capacitor; and
10 switches to alternately couple or decouple the first capacitor, second capacitor, and third
capacitor at least partially responsive to the control signals for each of the first

measurement process and the second measurement process.

15.  The apparatus of claim 14, wherein the control signals for the first
15  measurement process to control the voltage scaling circuit to:
couple the first capacitor and the voltage node to start charge of the first capacitor;
couple the second capacitor between two ground connections to start discharge of the
second capacitor;
decouple the first capacitor from the voltage node and decouple an end of the second
20 capacitor and one of the two ground connections to finish charge of the first
capacitor and discharge of the second capacitor;
couple the first capacitor and the second capacitor to share the charge of the first capacitor
with the second capacitor; and
couple the input of the measurement circuit and an output of the voltage scaling circuit to
25 generate a voltage level at the input of the measurement circuit proportional to the

voltage level at the voltage node.

16.  The apparatus of claim 14, wherein the control signals for the second
measurement process to control the voltage scaling circuit to:
30  couple the second capacitor and the third capacitor;

couple the first capacitor and the voltage node to start charge of the first capacitor;
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couple the coupled second and third capacitors between two ground connections to start
discharge of the coupled second and third capacitors;

decouple the first capacitor from the voltage node and decouple an end of the coupled
second and third capacitors from one of the two ground connections to finish charge
of the first capacitor and discharge of the coupled second and third capacitors;

couple the first capacitor and the coupled second and third capacitors to share the charge of
the first capacitor with the coupled second and third capacitors; and

couple the input of the measurement circuit and an output of the voltage scaling circuit to
generate a further voltage level at the input of the measurement circuit proportional

to the voltage level at the voltage node.

17.  The apparatus of claim 12, wherein the measurement circuit comprises a

successive-approximation-register (SAR) analog-to-digital-converter (ADC).

18. The apparatus of claim 12, comprising an analog connection to couple the

measurement circuit with the voltage scaling circuit.

19. An electronic system, comprising:

at least two successive-approximation-register (SAR) analog-to-digital-converters (ADCs);

a first scaling connection;

a second scaling connection;

a bus to route a voltage signal provided by the first and second scaling connection to either
one of the at least two SAR ADCs; and

a processor with a scaling factor that represents a relationship between a level of the
voltage signal routed by the bus and a level of a voltage signal generated by a
respective device coupled to a respective input of each of the first and second
scaling connections,

wherein respective devices coupled to the respective input of each of the first and second
scaling connections each have a voltage domain that is higher than a voltage

domain of the SAR ADCs.
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V/ 300

PROVIDE, BETWEEN AN INPUT OF A MEASUREMENT CIRCUIT AND AVOLTAGE NODE
ASSOCIATED WITH A HIGHER VOLTAGE DOMAIN THAN THE MEASUREMENT CIRCUIT,
A CIRCUIT INCLUDING DECOUPLED CAPACITORS, THE DECOUPLED CAPACITORS
INCLUDING AT LEAST AFIRST CAPACITOR AND A SECOND CAPACITOR 302

|

GENERATE, BY THE MEASUREMENT CIRCUIT, A FIRST DIGITAL VALUE REPRESENTING
AVOLTAGE LEVEL RELATED TO A VOLTAGE LEVEL AT THE VOLTAGE NODE AT LEAST
PARTIALLY RESPONSIVE TO PERFORMING A MEASUREMENT PROCESS UTILIZING THE
CIRCUIT 304

|

GENERATE, BY A PROCESSOR, A SECOND DIGITAL VALUE REPRESENTING THE
VOLTAGE LEVEL AT THE VOLTAGE NODE AT LEAST PARTIALLY RESPONSIVE TO THE
FIRST DIGITAL VALUE AND A SCALING FACTOR, THE SCALING FACTOR REPRESENTING
A PRE-SPECIFIED RELATIONSHIP BETWEEN THE VOLTAGE LEVEL REPRESENTED BY THE
FIRST DIGITAL VALUE AND THE VOLTAGE LEVEL AT THE VOLTAGE NODE 306

FIG. 3
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i OPTIONALLY PROVIDE A CIRCUIT INCLUDING DECOUPLED CAPACITORS BETWEEN AN
+ INPUT OF A MEASUREMENT CIRCUIT AND AVOLTAGE NODE HAVING A HIGHER
'+ VOLTAGE DOMAIN THAN AVOLTAGE DOMAIN OF THE MEASUREMENT CIRCUIT, THE
' DECOUPLED CAPACITORS INCLUDING AT LEAST A FIRST CAPACITOR AND A SECOND i
: CAPACITOR 402 !

COUPLE THE FIRST CAPACITOR AND THE VOLTAGE NODE TO START FULLY CHARGING
THE FIRST CAPACITOR RESPONSIVE TO A VOLTAGE AT THE VOLTAGE NODE 404

:

COUPLE THE SECOND CAPACITOR BETWEEN TWO GROUND CONNECTIONS TO START
DISCHARGING THE SECOND CAPACITOR 406

|

DECOUPLE THE FIRST CAPACITOR AND THE VOLTAGE NODE AND DECOUPLE THE
SECOND CAPACITOR FROM ONE OF THE GROUND CONNECTIONS TO END
RESPECTIVE CHARGING OF THE FIRST CAPACITOR AND DISCHARGING OF THE
SECOND CAPACITOR 408

:

COUPLE THE FIRST CAPACITOR AND THE SECOND CAPACITOR TO SHARE THE CHARGE
OF THE FIRST CAPACITOR WITH THE SECOND CAPACITOR 410
COUPLE THE INPUT OF THE MEASUREMENT CIRCUIT AND THE CIRCUIT INCLUDING
THE COUPLED FIRST CAPACITOR AND SECOND CAPACITOR TO GENERATE A VOLTAGE

LEVEL AT THE INPUT OF THE MEASUREMENT CIRCUIT PROPORTIONAL TO THE
VOLTAGE LEVEL AT THE VOLTAGE NODE 412

FIG. 4
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/ 700

PROVIDE, BETWEEN AN INPUT OF A MEASUREMENT CIRCUIT AND A VOLTAGE NODE
ASSOCIATED WITH A HIGHER VOLTAGE DOMAIN THAN THE MEASUREMENT CIRCUIT, A
CIRCUIT INCLUDING DECOUPLED CAPACITORS, THE DECOUPLED CAPACITORS INCLUDING
AT LEAST AFIRST CAPACITOR, A SECOND CAPACITOR, AND ATHIRD CAPACITOR 702

:

GENERATE, BY THE MEASUREMENT CIRCUIT, A FIRST DIGITAL VALUE REPRESENTING A
VOLTAGE LEVEL RELATED TO A VOLTAGE LEVEL AT THE VOLTAGE NODE AT LEAST PARTIALLY
RESPONSIVE TO PERFORMING A FIRST MEASUREMENT PROCESS UTILIZING THE CIRCUIT
704

l

GENERATE, BY APROCESSOR, A SECOND DIGITAL VALUE INTERMEDIATELY REPRESENTING

THE VOLTAGE LEVEL AT THE VOLTAGE NODE AT LEAST PARTIALLY RESPONSIVE TO THE FIRST

DIGITAL VALUE AND A FIRST SCALING FACTOR, THE FIRST SCALING FACTOR REPRESENTING

A PRE-SPECIFIED RELATIONSHIP BETWEEN THE VOLTAGE LEVEL REPRESENTED BY THE FIRST
DIGITAL VALUE AND THE VOLTAGE LEVEL AT THE VOLTAGE NODE 706

FIG. 7A
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GENERATE, BY THE MEASUREMENT CIRCUIT, ATHIRD DIGITAL VALUE REPRESENTING A

FURTHER VOLTAGE LEVEL RELATED TO THE VOLTAGE LEVEL AT THE VOLTAGE NODE AT

LEAST PARTIALLY RESPONSIVE TO PERFORMING A SECOND MEASUREMENT PROCESS
UTILIZING THE SECOND CIRCUIT 708

l

GENERATE, BY THE PROCESSOR, A FOURTH DIGITAL VALUE INTERMEDIATELY REPRESENTING
THE VOLTAGE LEVEL AT THE VOLTAGE NODE AT LEAST PARTIALLY RESPONSIVE TO THE
THIRD DIGITAL VALUE AND A SECOND SCALING FACTOR, THE SECOND SCALING FACTOR
REPRESENTING A PRE-SPECIFIED RELATIONSHIP BETWEEN THE VOLTAGE LEVEL
REPRESENTED BY THE THIRD DIGITAL VALUE AND THE VOLTAGE LEVEL AT THE VOLTAGE
NODE 710

l

GENERATE A FINAL DIGITAL VALUE REPRESENTING THE VOLTAGE LEVEL AT THE VOLTAGE
NODE AT LEAST PARTIALLY IN RESPONSE TO THE SECOND DIGITAL VALUE AND THE FOURTH
DIGITALVALUE 712

FIG. 7B
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i OPTIONALLY PROVIDE, BETWEEN AN INPUT OF A MEASUREMENT CIRCUIT AND A VOLTAGE
i NODE ASSOCIATED A HIGHER VOLTAGE DOMAIN THAN THE MEASUREMENT CIRCUIT,

i DECOUPLED CAPACITORS, THE DECOUPLED CAPACITORS INCLUDING AT LEAST A FIRST

! CAPACITOR, A SECOND CAPACITOR, AND A THIRD CAPACITOR 802

COUPLE THE FIRST CAPACITOR AND THE VOLTAGE NODE TO START FULLY CHARGING THE
FIRST CAPACITOR RESPONSIVE TO A VOLTAGE AT THE VOLTAGE NODE 804

'

COUPLE THE SECOND CAPACITOR BETWEEN TWO GROUNDS TO START DISCHARGING THE
SECOND CAPACITOR 806

:

DECOUPLE THE FIRST CAPACITOR AND THE VOLTAGE NODE AND DECOUPLE THE SECOND
CAPACITOR AND A GROUND TO END RESPECTIVE CHARGING THE FIRST CAPACITOR AND
DISCHARGING THE SECOND CAPACITOR 808

l

COUPLE THE SECOND CAPACITOR AND THE FIRST CAPACITOR TO SHARE THE CHARGE OF
THE FIRST CAPACITOR WITH THE SECOND CAPACITOR 810

l 51

COUPLE THE INPUT OF THE MEASUREMENT CIRCUIT AND A CIRCUIT INCLUDING THE
COUPLED FIRST CAPACITOR AND SECOND CAPACITOR TO GENERATE A VOLTAGE LEVEL AT
THE INPUT OF THE MEASUREMENT CIRCUIT PROPORTIONAL TO THE VOLTAGE LEVEL AT THE
VOLTAGE NODE 812

FIG. 8
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OPTIONALLY DECOUPLE THE FIRST CAPACITOR, THE SECOND CAPACITOR, AND THE INPUT
OF THE MEASUREMENT CIRCUIT 902

COUPLE THE SECOND CAPACITOR AND THE THIRD CAPACITOR 904

:

COUPLE THE FIRST CAPACITOR AND THE VOLTAGE NODE TO START FULLY CHARGING THE
FIRST CAPACITOR 906

I

COUPLE THE COUPLED SECOND/THIRD CAPACITORS BETWEEN TWO GROUND
CONNECTIONS TO START DISCHARGING THE COUPLED SECOND/THIRD CAPACITORS 908

v

DECOUPLE THE FIRST CAPACITOR AND THE VOLTAGE NODE AND DECOUPLE A SECOND END
OF THE COUPLED SECOND/THIRD CAPACITORS AND A GROUND TO FINISH RESPECTIVE
CHARGING OF THE FIRST CAPACITOR AND DISCHARGING OF THE SECOND/THIRD
CAPACITORS 910

v

COUPLE THE FIRST CAPACITOR AND THE COUPLED SECOND AND THIRD CAPACITORS TO
SHARE THE CHARGE OF THE FIRST CAPACITOR WITH THE COUPLED SECOND AND THIRD
CAPACITORS 912

—

COUPLE THE INPUT OF THE MEASUREMENT CIRCUIT AND A CIRCUIT INCLUDING THE
COUPLED FIRST CAPACITOR, SECOND CAPACITOR, AND THIRD CAPACITOR TO GENERATE A
FURTHER VOLTAGE LEVEL AT THE INPUT OF THE MEASUREMENT CIRCUIT PROPORTIONAL

TO THE VOLTAGE LEVEL AT THE VOLTAGE NODE 914

FIG. 9
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Independent method claims 1 and 9 are directed to measuring
the voltage at a high voltage node, involving the use of at
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measurement circuit, and applying a scaling factor to the

measurement data.
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Independent device claims 3, 12 are directed to measuring
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measurement data.
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Independent device claim 19 is directed to measuring the
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measurement data.
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