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LOW-POWER VOLTAGE DETECTOR FOR LOW-VOLTAGE CMOS PROCESSES

FIELD OF THE INVENTION

{Para 1] This invention relates to voltage detectors, and more particularly to battery-

voltage detectors measuring a diode’s terminal voltages.

BACKGROUND OF THE INVENTION

{Para 2] Battery-powered devices may include Integrated Circuits (ICs) that contain
semiconductor devices such as transistors. More advanced semiconductor processes
produce transistors that can be damaged by higher applied voltages. Smaller batteries can
power advanced low-power ICs that have reduced power-supply voltages and transistors
that can be damaged by voltages as low as the battery voltage, Thus the battery voltage
nmmust be reduced or applied to several transistors in series to reduce the voltage applied to

any individual transistor.

{Para 3] Figure | shows a resistor voltage divider. Battery 20 generates a battery
voltage VBAT at its positive terminal relative to its ground terminal. Resistors 22, 24 are
in series with each other and switch 26 between VBAT and ground. When switch 26 s
closed, current I from battery 20 passes through resistors 22, 24, causing V=IR voltage
drops in each of resistor 22, 24 that is proportional to each resistor’s resistance R, When
resistors 22, 24 have the same resistance R, the node between resistors 22, 24, voltage

VIN, is halt of the battery voltage, or VIN = VBAT/2.

{Para 4] VIN can safely be applied to transistors or other delicate semiconductor
devices when switch 26 is closed and VBAT is divided by resistors 22, 24. For example,
VIN could be used to indivectly measure the battery voltage. However, the current I

through resistors 22, 24 may cause an unwanted power drain from battery 20. Switch 26
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can be opened to interrupt the current flow and reduce power when measuring the battery

voltage is not being performed.

{Para 5] However, when switch 26 is opened, current from battery 20 momentarily
flows through resistor 22 and charges VIN until VIN reaches VBAT. Any transistors
connected to VIN have the higher VBAT voltage applied when switch 26 is open. These
transistors can be damaged when switch 26 is open since VIN can equal or approach

VBAT.

{Para 6] For example, VBAT may be 1.5 to 4.2 volts, causing VIN to be in a safe range
of 0.75 to 2.1 volts when switch 26 is closed and equal resistances R are used, but 1.5 to
4.2 volts when switch 26 1s open. Some transistors or other devices may be damaged by 3
or 4 volis. Thus a resistor voltage divider with a power-down swiitch may damage

sensitive transistors or other devices.

{Para 7] Figure 2 shows a diode voltage divider. A series of diodes 30, 32, 36, 36 are
in series with each other and with switch 38. When switch 38 is closed, current flowing
through each of diodes 30, 32, 34, 36 causes a pn-junction voltage drop Vpn of about §.5-

0.7 volt per diode.

{Para 8] In Fig. 2 VIN is located between diodes 32, 34, and there are two diode-
voltage drops caused by diodes 30, 32 between VBAT and VIN, so VIN = VBAT -

2¥Vpn, or about 1 to 1.4 volts below VBAT.

{Para 8] When switch 38 is opened to save power, any momentarily current flowing
through diode 30 stops when the lower terminal of diode 30 rises above VBAT — Vpn.
Likewise, current through diode 32 stops when the voltage across its terminals 1s less

than Vpn. Thus VIN cannot rise above VBAT — 2¥Vpn when switch 38 is opened.

{Para 1¢] VIN can be connected to sensitive devices suich as transistors, since diodes 30,
32 prevent VIN from rising above VBAT — 2*¥Vpn. Switch 38 can be opened to reduce

current and power when VIN is not being sampled or otherwise used.
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{Para 11] However, unlike resistors 22, 24, that have an exact resistance value R, the
voltage drop Vpn through diodes 30, 32 can vary with process, supply voltage, and
temperature (PVT) conditions. Also, a fairly large current may flow through diodes 30,

32, 34, 36, increasing power consumption.

{Para 12} A low-power device that runs on battery power may be placed in standby
mode for long periods of time to extend the battery lifetime. It is timportant to be able to
power down a voltage detector to prevent battery drain. Advanced semiconductor
processes can be so sensitive to damage that the battery voltage may cause damage. For

example, a 4.2-volt battery exceeds a 3.3-volt limit for some advanced CMOS processes.

{Para 13] What s desired 1s a voltage detector that can be powered down. A voltage
detector that protects sensitive devices such as low-power transistors from damage during
power-down mode is desired. A voltage detector that can read the battery voltage while

protecting low-supply-voltage semiconductor processes transistors is desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

{Para 14] Figure | shows a resistor voltage divider.

{Para 15] Figure 2 shows a diode voltage divider.

{Para 16] Figure 3 is a block diagram of a simplified batiery voltage detector measuring
voltages at two points in a diode ladder.

{Para 17] Figure 4 is a flowchart of a battery voltage detection routine using the battery
voltage detector of Fig. 3.

{Para 18] Figure 5 is a block diagram of a buffered battery voltage detector measuring
voltages at two points in a diode ladder.

{Para 19] Figure 6 is a block diagram of a transistor-switched battery voltage detector

measuring voltages at two points in a diode ladder.
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DETAILED DESCRIPTION

{Para 26} The present invention relates to an improvement in battery-voltage detectors.
The following description is presented to enable one of ordinary skill in the art to make
and use the invention as provided in the context of a particular application and s
requirements, Various modifications to the preferred embodiment will be apparent to
those with skill in the art, and the general principles defined herein may be applied to
other embodiments. Therefore, the present invention is not intended to be limited to the
particular embodiments shown and described, but is to be accorded the widest scope

consistent with the principles and novel features herein disclosed.

{Para 2] The inventors have realized that a diode ladder can provide protection to
sensitive circuits by ensuring that a higher battery voltage is stepped down n voltage
before being applied to sensitive circuits. Even when the diode ladder is powered down,

protection is provided.

{Para 22} The inventors further realize that diode voltage drops are sensitive to process
and other PVT variations, so a single voltage measurement might not accurately measure
a battery voltage. However, all diodes in a diode ladder should track each other and have
the same diode voltage drop. The inventors measure voltage at both terminals of a diode
in the diode ladder, and then multiply this measured diode voltage drop by the number of

diodes in the diode ladder to estimate the battery voltage at the top of the diode ladder.

{Para 23] Figure 3 is a block diagram of a simplified battery voltage detector measuring
voltages at two points in a diode ladder. Battery 20 generates battery voltage VBAT that
is applied to the top of a diode tree of diodes 30, 32, 34, 36, that are in series with resistor
40 and switch 42. Resistor 40 limits the ON current while switch 42 opens to power

down the battery detector.

{Para 24] Diode 36 has upper terminal VD1 and lower terminal V0. Rather than
measure a single voltage, two voliages are measured, for VDT and VDO, Analog-to-
Digital Converter (ADC) 60 measures the voltage VD1 when switch 54 is closed but

measures the voltage VDO when switch 56 is closed. ADC 60 may contain delicate
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semiconductor components such as precision capacitors or resistors and transistor
switches that could be damaged if battery voltage VBAT were directly applied to input
VIN to ADC 60. Diodes 30, 32, 34 reduce VBAT by three diode voltage drops to provide
a lower, safer VIN to ADC 60.

{Para 25] ADC 60 converts an analog input voltage VIN to a digital value D{7:0]. Only
one of switches 52, 54, 56 is closed at any particular time, Switch 54 closes to connect
VIN to VD1, while switch 56 closes to connect VIN to V2. Switch 52 closes to drive

VDD to VIN to idle, reset, auto-zero, or offset calibrate ADC 60 between measurernents.

{Para 26] By measuring the voltages of both VD1 and VDO, the voltage across diode 36
can be determined by the difference VD1-VDAO. This voltage difference VDI-VID is the
diode voltage drop. This diode voltage drop varies with process, temperature, and voltage,
but should be the same for all diodes on a particular device that are fabricated together
and have about the same size, geometry, and orientation. Thus when dicodes 30, 32, 34, 36
are designed to have the same size, geometry, and orientation, they should have the same

voltage drop when a current flows through them in series.

{Para 27] The total voltage drop across upper diodes 30, 32, 34 is simply three times the
voltage drop measured for diode 36, or 3x(VD1-VDQ). Since VD1 is the voltage between
diode 34 and diode 36, and battery voltage VBAT is the top voltage of diode 30, VBAT

can be calculated as:

[Para 28] VBAT =3 x (VDI-VDO) + VDI

{Para 29] In general, when there are N diodes between VBAT and VDI,
[Para 30] VBAT =N x (VDI-VDO) + VDI

{Para 31} Thus the battery voltage can be determined from two voltage measurements,
VD1, and VDO. The battery voltage is obtained by multiplying the measured voltage drop

across diode 36 by the number of diodes between diode 36 and battery 20.
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{Para 32} Figure 4 is a flowchart of a battery voltage detection routine using the battery
voltage detector of Fig. 3. When the voltage detector is instructed to power up and take

measurements, switch 42 is closed by power-up signal PUP going high, step 202. Signal
MXH is high closing switch 52 to drive VDD to ADC 60 to preset it, while signals MH1{

and MX0 are low to keep switches 54, 56 open.

{Para 33] After a power-up delay PUP has expired, step 204, then switches 52, 54, 56,
controlled by signals MXH, MX1, MX0, respectively, change to open swiiches 52, 56
and close switch 54 to connect VD1 to VIN and ADC 60, step 212. MX1 is high and
MXH, MX0 are low in step 212.

{Para 34] ADC 60 measures VIN = VD1 and converts this analog voltage to a digital

value D{7:0], step 214, which is stored as digital voltage DV 1.

{Para 35] Then MX{ is drive high and MX0 and MXH driven low, step 222, to close
switch 56 and open switches 52, 54. ADC 60 measures VIN = VD0 and converts this

analog voltage to a digital value D[7:0], step 224, which is stored as digital voltage DVO.

[Para 36] An Arithmetic-Logic-Unit (ALU) or other microprocessor or programmed
logic then calculates the measured battery voltage VBAT as a digital value DVBAT, step
230. The difference DV1-DV0 is multiplied by the nomber N of diodes between VD1
and VBAT, and then added to DV, or

{Para 37] DVBAT=Nx (DBVI-DVO)+DV1
{Para 38] For the circuit of Fig. 3 where Nis 3:
{Para 39] DVBAT=Nx (BVI-DVO+DVI1

{Para 40] The digital value DVBAT of the battery voltage calculated from the 2 voltage
measurements across diode 36 can then be stored, step 232. This value BVBAT can be
compared to targets such as voltage limits an used to signal a power failure when
DVBAT falls below a lower limit, or an over-voltage alarm when DVBAT is above an

upper limit,
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[Para 41] The battery voltage detector can then be powered down by driving PUP low

{not shown) to open switch 42, or left on to repeat measurements,

{Para 42] Figure 5 is a block diagram of a buffered battery voltage detector measuring
voltages at two points in a diode ladder. In this alternative, the analog mput to ADC 60 13
buftered by op amp 70. Op amp 70 receives VIN on its non-inverting (+) input and has

its output VINA fed back to its mverting (-} input. Op amp 70 can be a unity gain buffer.

{Para 43} Op amp 70 buffers VIN, which can have voltage changes due to charge
sharing as switches 52, 54, 56 switch. The input to ADC 60 may have small, sensitive
capacitances. ADC 60 imput VINA is protected from charge sharing and switch noise on

VIN by op amp 70.

{Para 44] Figure 6 is a block diagram of a transistor-switched battery voltage detector
measuring voltages at two points in a diode ladder. In this alternative, switch 42 is
implemented by transistor 78. Transistor 78 can be an n-channel MOS transistor with a
gate driven by the power-up signal PUP, and a channel between resistor 40 and ground.
N-channel MOS transistors have a very low leakage current, providing good isolation

when the switch is closed.

{Para 45] Switches 52, 54, 56 are also implemented as n-channel transistors. Transistor
72 has a gate driven by control signal MXH and a channel connecting VDD to VIN.
Transistor 74 has a gate driven by control signal MX1 and a channel connecting VD1 to
VIN. Transistor 76 has a gate driven by control signal MX0 and a channel connecting
VD0 to VIN. Control signals MXH, MX1, MX2 can be generated by controlier 90 or
even be software-controlled, such as by software writing a 1 or a 0 to /O registers that

drive MXH, MX1, MX0.

{Para 46] Also in this alternative, diode 32 has been deleted, so that only 2 diodes 30, 34
are between measuring diode 36 and VBAT. In this variation N=2 and VBAT can be

calculated by controller 90 or by a processor or other component as;

{Para 47] VBAT =2 x(VDI-VDO) + VDI
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ALTERNATE EMBODIMENTS

{Para 48] Scveral other embodiments are contemplated by the inventors. For example
additional diodes or diode-connected transistors may be inserted, such as in series
between diode 36 and resistor 40, The order of components in series may be adjusted,
such as by having resistor 40 connect to ground and switch 42 connect between the upper

terminal of resistor and diode 36.

{Para 49] While single-pole transistor switches have been shown, a multi-pole switch,
mux, or network of switches could be used to connect VDO, VDI, or VED to the ADC.
These more complex switches may be themselves be composed of multiple simple
switches and various logic or controls. Thus a single multi-pole switch may in reality be
equivalent to several single-pole switches. The switches could each be implemented as an
n-channel transistor, or could be transmission gates, each with an n-channel and a p-
channel transistor in paraliel. While n-channel transistors have been described, p-channel

transistors could also be used with inverted gate signals.

{Para 5¢] There may be different numbers of diodes between measuring diode 36 and
VBAT, such as the three diodes 30, 32, 34 as shown in Figs. 3, 5, or only 2 diodes 30, 34
as shown in Fig. 6. The upper diode ladder may have N diodes in series between VBAT

and VDI, where N is a whole mumber of at least 1.

{Para 51] While a battery voltage detector has been described, the voltage detector
could measure other voltages that are not generated by a battery. The battery voltage
could be generated by multiple cells in a battery or by multiple batteries. The voltage
detector could measure a power voltage generated by a power supply that could be

switched from a battery to a transformer or other power converter,

{Para 52] Diodes 30, 32, 34, 36 can be pn semiconductor diodes where the upper
terminal is connected to a p-type doped region that abuts an n-type doped region in the
same semiconductor substrate, such as in an Integrated Circnits (IC) chip. Diodes formed
in the same semiconductor substrate should have the same pn junction doping profiles

when their designs and geometries are matched and thus have closely-matched device
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characteristics such as forward-bias diode voltage drops. Dicodes under forward bias
generally follow the 1deal diode equation, where forward current rises exponentially with
voltage near the diode turn-on voltage. This exponential current can be approximated as
an on-off switch with a voltage drop of the pn junction turn-on voltage. This pn junction
voltage at turn on can be seen in a graph as a knee voltage where the current-voltage

b

curve bends sharply upward.

{Para 53] While 2 Complementary Metal-Oxide-Semiconductor (CMOS) process has
been described, other processes and materials could be used. Different semuconductor
materials will have different pn junction turn-on voltages. For example, silicon has a pn
junction voltage of 0.5-0.7 volts, but Gallium-Arsenide has a lower pn junction voltage of
about 1.3 volis. Since all of diodes 30, 32, 34, 36 are made from the same semiconductor
substrate, they will all have the same pn junction turn-on voliage, and have the same

diode voltage drop.

{Para 34] While pn junction diodes have been described, other diode technologies could
be used, such as Schottky diodes, metal-chmic contacts, ete. Many variations of I1C

semiconductor manufactiring processes are possible.

{Para 55] Terms such as up, down, above, under, horizontal, vertical, inside, outside,
upper, lower, top, bottom, etc., are relative and depend on the viewpoint and are not
meant to limit the invention to a particular perspective. Devices may be rotated so that
vertical is horizontal and horizoutal is vertical, so these terms are viewer dependent. As
long as the two directions are substantially perpendicular to each other, one line or

direction can be considered to be vertical and the other considered to be horizontal.

{Para 36] While an ADC that converts an analog voltage to a digital value has been
described, an analog current could also be converted to the digital value. The analog
current could be passed through a resistor to generate the analog voltage for input to the
ADC. Alternatively, the ADC may convert an analog current as its input. A voltage-
controlled current source could convert an analog voltage input to the analog current

input for such an ADC. Many kinds and variations of ADC’s are possible.



WO 2023/201765 PCT/CN2022/088894

i0

{Para 87} The process of Fig. 4 could be performed by a program executing on a
computer or processor, such as a software program, or by a firmware routine, or by
hardwired logic such as a sequencer or state machine, or by various combinations. For
example, the calculation tn step 230 could be performed by a higher-level microprocessor
while hardware control of switches 52, 54, 56 and activation of ADC 60 could be handled

by hardware.

{Para 58] Some steps in the process of Fig. 4 could be performed in parallel with other
steps, or in a different sequence or order. For example, VDO could be measured before
VD1. A second ADC with separate switches could allow both VD0 and VD to be

measured at the same time.

{Para 59} While using the ADC to measure the voltage drop across one diode has been
shown, more measurements could be taken and the results averaged together, or outlier
results deleted. For example, ADC 60 could also measure the voltage between diodes 32,
34 if another switch connected VIN to this node. The measured voltage drop across diode
34 and across diode 36 could be averaged together and then used as the diode voltage

drop in further calculations.

{Para 60] While switch 52 has been shown as connecting VIN to the power supply
voltage VDD, switch 52 could instead connect VIN to ground, or to a common-mode
voltage VCM of VDD/2, or to some other voltage. Some embodiments may eliminate
switch 52, or ADC 60 may contain internal switches to pre~charge or initialize its internal
analog input. ADC 60 could be a switched-capacitor ADC, a flash ADC, or other kinds
of ADC. The number of digital bits in the output of ADC 60 has been describes as &, but
other bit widths or resolutions such as 6 bits, 10 bits, etc., could be substituted. The
battery voltage could have a variety of values, and additional components such as supply
capacitors, diodes, power switches, monitors, or power filters could be attached to battery

24

{Para 61} The background of the invention section may contain background information

about the problem or environment of the invention rather than describe prior art by others,
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Thus inclusion of material in the background section is not an admission of prior art by

the Applicant.

{Para 62] Anv methods or processes described herein are machine-implemented or
computer-implemented and are intended to be performed by machine, computer, or other
device and are not intended to be performed solely by humans without such machine
assistance. Tangible results generated may include reports or other machine-generated
displays on display devices such as computer monitors, projection devices, andio-
generating devices, and related media devices, and may inclade hardcopy printouts that
are also machine-generated. Computer control of other machines is another tangible

result.

{Para 63] Anv advantages and benefits described may not apply to all embodiments of
the invention. When the word "means" is recited in a claim element, Applicant intends
for the claim element to fall under 35 USC Sect. 112, paragraph 6. Often a label of one or
more words precedes the word "means”. The word or words preceding the word "means”
is a label intended to ease referencing of claim elements and is not intended to convey a
structural limitation. Such means-plus-function claims are intended to cover not only the
structures described herein for performing the function and their structiral equivalents,
but also equivalent structures. For example, although a nail and a screw have different
structures, they are equivalent structures since they both perform the function of
fastening. Claims that do not use the word “means” are not intended to fall under 35 USC
Sect. 112, paragraph 6. Signals are typically electronic signals, but may be optical signals

such as can be carried over a fiber optic line.

{Para 64] The foregoing description of the embodiments of the invention has been
presented for the purposes of ilfustration and description. It is not intended to be
exhaustive or to limit the mvention to the precise form disclosed. Many modifications
and variations are possible in light of the above teaching. It is intended that the scope of
the invention be limited not by this detailed description, but rather by the claims

appended hereto.



WO 2023/201765 PCT/CN2022/088894

1. A voltage detector comprising:

a diode ladder having one or more diodes connected in series between a voltage input and
an upper measuring node;

a measuring diode connected between the upper measuring node and a lower measuring
node:

a resistor and a power-down switch connected in series between the lower measuring
node and a ground;

an Analog-to-Digital Converter {ADC) having an analog input and a digital output
having a digital valne that represents a voltage of the analog mput;

a first switch that connects the upper measuring node to the ADC, the ADC generating an
upper digital value representing a voltage of the upper measuring node;

a second switch that connects the lower measuring node to the ADC, the ADC generating
a lower digital value representing a voltage of the lower measuring node; and

a controller that generates a calculated voltage measurement by generating a difference of
the upper digital value and the lower digital value, and multiplying the difference
by a number of diodes in the diode ladder to generate a product, and adding the
product to the upper digital value to generate the calculated voltage measurement,

whereby a voltage across the measuring diode is measured and used to calculate the

calculated voltage measurement.

2. The voltage detector of claim 1 wherein the diode ladder comprises an upper
diode and a lower diode in series;

wherein the controller multiplies the difference by two to generate the product,

3. The voltage detector of claim 1 wherein the diode ladder comprises an upper
diode and a muddle diode and a lower diode in series;

wherein the controller multiplies the difference by three to generate the product.
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4. The voltage detector of claim 3 wherein the one or more diodes in the diode
ladder and the measuring diode each comprise a pn junction diode, wherein the one or
more diodes in the diode ladder and the measuring diode are formed together ina

semiconductor substrate.

5. The voltage detector of claim 4 wherein the one or more diodes in the diode
ladder and the measuring diode are matched during design to have a same size and

geometry.

6. The voltage detector of claim 5 wherein the one or more diodes in the diode

ladder and the measuring diode are forward biased by the voltage input and the ground.

7. A voltage-measuring circuit comprising:

a voltage input;

a plurality of N diodes, wherein N is a whole number of diodes connected in series
between the voltage input and a first node;

a measuring diode connected between the first node and a second node;

a resistor connected between the second node and a third node;

a power-down switch connected between the third node and a ground, the power-down
switch opening to power down the voltage-measuring circuit when no voltage
measurement is being made;

an Analog-to-Digital Converter (ADC) that converts a voltage of an analog input node to
a digital valie representing the voltage of the analog input node;

a first switch for connecting the first node to a combining node when the ADC generates
the digital value as a first digital value representing a voltage of the first node;

a second switch for connecting the second node to the combining node when the ADC
generates the digital value as a second digital value representing a voltage of the
second node; and

a processor that receives the first digital value and the second digital value from the ADC
and generates a digital estimate of a voltage of the voltage input, the processor

subtracting the second digital value from the first digital value to generate a
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digital difference, multiplying the digital difference by N to generate a product,
and adding the first digital value to the product to generate the digital estimate of
the voltage of the voltage input,
whereby a voltage difference across the measuring diode is multiplied by a number of
diodes in the phality of N diodes and added to the first digital value to generate the

digital estimate of the voltage of the voltage input.

&. The voltage-measuring circuit of claim 7 wherein the combining node is directly

connected to the analog input node of the ADC.

9. The voltage-measuring circuit of claim 7 further comprising:
an analog buffer having the combining node as an input and the analog input node of the

ADC as an output of the analog buffer.

10. The voltage-measuring circuit of claim 7 wherein each diode in the plurality of N
diodes and the measuring diode each comprise a pn junction diode formed in a

sermiconductor substrate with other diodes in the plurality of N diodes.

it The voltage-measuring circuit of claim 10 wherein the plurality ot N diodes and
the measuring diode are each forward biased by the voltage mput and each has a diode

voltage drop having a same value within 5%,

12. The voltage-measuring circuit of claim 7 wherein the ADC has at least 5 bits of

precision, wherein the digital value generated by the ADC comprises at least 5 binary bits.

13. The voltage-measuring circuit of claim 7 wherein the measuring diode and each
diode in the plurality of N diodes each comprise a diode-connected transistor having a
gate and a drain connected together;

wherein the measuring diode and each diode in the plurality of N diodes are formed

together in a semiconductor substrate.
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14. The voltage-measuring circnit of claim 7 further comprising:
a third switch that connects a fixed voltage node to the ADC, the fixed voltage node

having a fixed voltage.

15, The voltage-measuring circuit of claim 7 further comprising:
an amplifier having an input connected to the combining node, the amplifier having an

output connected to the analog input node to the ADC.

16. The voltage-measuring circuit of claim 15 wherein the amplifier is an op amp, the

op amp also having an inverting input that is connected to the output of the amplifier,

17. The voltage-measuring circnit of claim 7 wherein the first switch comprises a first
n-channel transistor having a channel connected between the first node and the
combining node, and having a control gate for isolating the first node from the
combining node;

wherein the second switch comprises a second n-channel transistor having a channel
connected between the second node and the combining node, and having a control

gate for isolating the second node from the combining node.

18, The voltage-measuring circnit of claim 7 further comprising:
a battery connected to the voltage mput;
wherein the power-down switch is opened to power down the voltage-measuring circuit

to save battery power.

19. The voltage-measuring circuit of claim 18 wherein the power-down switch
comprises an n-channel transistor having a channel connected in series with the resistor
and having a control gate receiving a power-mode signal that causes the n-channel
transistor to not conduct current from the resistor when the power-mode signal indicates

a power-down mode.

20. A voltage measuring and protecting device comprising:
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an Analog-to-Digital Converter (ADC) that converts an analog input node to a digital
value representing a voltage of the analog input node;

wherein the digital value has at least 5 binary bits;

a voltage input for receiving an input voltage that is damaging to the ADC if directly
applied to the analog input node;

a series of N diodes connected in series between the input voltage and a first node, cach
diode in the series of N diodes being forward biased by current from the voltage
input, wherein N is a whole number;

a measuring diode connected between the first node and a second node;

a resistor and a power-down switch connected in series between the second node and a
ground;

a first switch for connecting the first node to a combining node when the ADC generates
the digital value as a first digital value representing a voltage of the first node;

a second switch for connecting the second node to the combining node when the ADC
generates the digital value as a second digital value representing a voltage of the
second node;

a buffer between the combining node and the analog input node to the ADC; and

an estimator that receives the first digital value and the second digital value from the
ADC and generates a digital estimate of a voltage of the voltage input, the
estimator subtracting the second digital value from the first digital value to
generate a digital difference, multiplying the digital difference by N to generate a
product, and adding the first digital value to the product to generate the digital

estimate of the voltage of the voltage input.
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