2012/081960 A1 |11 I 000 010 OO0

S
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date

(10) International Publication Number

WO 2012/081960 A1

21 June 2012 (21.06.2012) WIPO I PCT
(51) International Patent Classification: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HO3M 1/12 (2006.01) HO3M 1/42 (2006.01) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
. . KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(21) International Application Number: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
PCT/MY2011/000099 OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(22) International Filing Date: SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
16 June 2011 (16.06.2011) UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(30) Priority Data: ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
PI 2010006018 16 December 2010 (16.12.2010) MY TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicant (for all designated States except US): MIMOS MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
BERHAD [MY/MY]; Technology Park Malaysia, 57000 TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
Kuala Lumpur (MY). ML, MR, NE, SN, TD, TG).
(72) Inventor; and Declarations under Rule 4.17:
(75) Inventor/Applicant (for US only): TAN, Kong Yew

[MY/MY]; MIMOS Berhad, Technology Park Malaysia,
57000 Kuala Lumpur (MY).

Agent: CHEW, Kherk Ying; Wong & Partners, Level 21,
Suite 21.01, The Gardens South Tower, Mid Valley City,
Lingkaran Syed Putra, 59200 Kuala Lumpur (MY).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))
Published:

with international search report (Art. 21(3))

(54) Title: DUAL- FUNCTION SUCCESSIVE APPROXIMATION ANALOG TO DIGITAL CONVERTER (SA-ADC)
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(57) Abstract: A dual-function analog to digital converter is disclosed comprising an analog front end (104), a functionality selec -
tion circuitry, a digital to analog converter (102), a comparator (106), a successive approximation register logic (112) and an output
register (114). The analog front end (104) couples an input signal to the comparator (106) for either analog to digital conversion or
capacitance to digital conversion. The functionality selection circuitry determines the input signal coupled to the comparator (106) as
being either an output of the digital to analog converter (102) or an analog input capacitance signal. The digital to analog converter
(102) generates a scaled reference voltage required by the comparator (106). The comparator (106) compares the input signal and the
scaled reference voltage to generate a comparison result. The successive approximation register logic performs successive approxim -
ation based on the comparison result from the comparator (106) to generate either a scaled output required by the digital to analog
converter (102) or a digital output proportional to the input signal stored in the output register (114).
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DUAL-FUNCTION SUCCESSIVE APPROXIMATION
ANALOG TO DIGITAL CONVERTER (SA-ADC)

FIELD OF INVENTION

The present invention relates to a successive approximation analog to digital converter (SA-ADC)
that is capable of analog to digital conversion and capacitance to digital conversion, wherein this
dual functionality is realized by using an improved analog front end (AFE) and a functionality

selection circuitry.

BACKGROUND ART

Data acquisition has become a process that is applied in various technical aspects including
medical, agricultural, transportation, electronic devices and many others. Data acquisition isa
process of measuring physical conditions and converting these measured values into digital values
that may be manipulated for the purpose of automatic / semi-automatic monitoring, control and
etc. The main components of data acquisition include sensors, signal conditioning circuitry and

analog to digital converters (ADC).

Application Specific Integrated Circuits (ASIC) have been developed to provide customized IC’s
for the specific use of signal conditioning in combination with built-in ADCs. The signal
conditioning circuitry includes multiple sensor readout/interface circuits for interfacing multiple
sensors to convert sensor signals into electrical signals recognized by the ADC, more commonly
analog signals. The ADCs then convert these analog signals from the sensor readout/interface

circuits to corresponding digital values for further processing.

As the number of required sensors increase, the need for multiple sensor readout/interface circuits
also increases. However, multiple sensor readout/interface circuits contribute to higher power
consumption within the ASIC, rendering a lower efficiency in the overall performance of data
acquisition. Therefore, there is a need to integrate sensor readout/interface circuits into the existing
analog to digital converters in a manner that is most efficient to reduce the power consumption of
the ASIC.
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SUMMARY OF INVENTION

The present invention provides a system and method for a dual function analog to digital
converter, specifically, a dual function successive approximation analog to digital converter (SA-
ADC). The present invention proposes to enhance power efficiency of signal conditioning
Application Specific Integrated Circuits (ASIC) by eliminating capacitive sensor readout/interface
circuits, wherein an improved analog front end (AFE) and a functionality selection circuitry is
implemented on existing SA-ADC in order to realize dual functionality of the SA-ADC, which is

analog to digital conversion and capacitance to digital conversion.

In one aspect of the present invention is a system and method for a dual function analog to digital
converter comprising an analog front end, a functionality selection circuitry, a digital to analog
converter, a comparator, a successive approximation register logic and an output register. The
analog front end couples an input signal to the comparator for either analog to digital conversion or
capacitance to digital conversion. The functionality selection circuitry determines the input signal
coupled to the comparator as being either an output of the digital to analog converter or an analog
input capacitance signal. The digital to analog converter generates a scaled reference voltage
required by the comparator. The comparator compares the input signal and the scaled reference
voltage to generate a comparison result. The successive approximation register logic performs
successive approximation based on the comparison result from the comparator to generate either a
scaled output required by the digital to analog converter or a digital output proportional to the

input signal stored in the output register.

In a further aspect of the present invention the analog front end of the dual function analog to
digital converter further comprises a first coupling capacitor, a second coupling capacitor and a
sample and hold switch. A first terminal of the first coupling capacitor is coupled to the output of
the digital to analog converter through the sample and hold switch. A second terminal of the first
coupling capacitor is coupled to a first input of the comparator. The second coupling capacitor is
coupled to a second input of the comparator. The input signal range of the analog front end during
analog to digital conversion varies from the input signal range of the analog front end during
capacitance to digital conversion. The functionality selection circuitry of the dual function analog
to digital converter further comprises a first switch and a second switch. The first switch couples a
first terminal of a first coupling capacitor of the analog front end to an analog input signal. The

second switch couples the first input of the comparator to the analog input capacitance signal.

In one embodiment of the present invention, the dual function analog to digital converter performs

analog to digital conversion wherein digital output proportional to an analog input signal is
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generated and stored in the output register. During a sampling phase of analog to digital
conversion, the sample and hold switch of the analog front end is turned OFF, the first switch of
the functionality selection circuitry is turned ON while the second switch of the functionality
selection circuitry is tumed OFF and a pair of auto-zeroing switches within the comparator is
turned ON. During a bit cycling phase of analog to digital conversion, the sample and hold switch
of the analog front end is turned ON, the first and second switch of the functionality selection

circuitry is turned OFF and the pair of auto-zeroing switches within the comparator is turned OFF.

In another embodiment of the present invention, the dual function analog to digital converter
performs capacitance to digital conversion wherein digital output proportional to an analog input
capacitance signal is generated and stored in the output register. During a pre-charge phase and a
charge redistribution phase of capacitance to digital conversion, the sample and hold switch of the
analog front end is turned ON and the first switch of the functionality selection circuitry is turned
OFF while the second switch of the functionality selection circuitry is turned ON. The pair of auto-
zeroing switches within the comparator is turned ON during the pre-charge phase of capacitance to
digital conversion and turned OFF during the charge redistribution phase of capacitance to digital

conversion.

The present invention consists of features and a combination of parts hereinafter fully described
and illustrated in the accompanying drawings, it is being understood that various changes in the
details may be made without departing from the scope of the invention or sacrificing any of the

advantages of the present invention.
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BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

To further clarify various aspects of some embodiments of the present invention, a more particular
description of the invention will be rendered by references to specific embodiments thereof, which
are illustrated, in the appended drawings. It is appreciated that these drawings depict only typical
embodiments of the invention and are therefore not to be considered limiting of its scope. The
invention will be described and explained with additional specificity and detail through the

accompanying drawings in which:

FIGURE 1 illustrates a block diagram of the dual function successive approximation analog to

digital converter.

FIGURE 2A illustrates the dual function successive approximation analog to digital converter

during a sampling phase of analog to digital conversion.

FIGURE 2B illustrates the dual function successive approximation analog to digital converter

during a bit cycling phase of analog to digital conversion.

FIGURE 3A illustrates the dual function successive approximation analog to digital converter

during a pre-charge phase of capacitance to digital conversion.

FIGURE 3B illustrates the dual function successive approximation analog to digital converter

during a charge redistribution phase of capacitance to digital conversion.



10

15

20

25

30

35

WO 2012/081960 PCT/MY2011/000099

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a dual-function analog to digital converter that is capable of analog
to digital conversion and capacitance to digital conversion. Hereinafter, this specification will
describe the present invention according to the preferred embodiments of the present invention.
However, it is to be understood that limiting the description to the preferred embodiments of the
invention is merely to facilitate discussion of the present invention and it is envisioned that those
skilled in the art may devise various modifications and equivalents without departing from the

scope of the appended claims.

The present invention more particularly relates to a system and method for a dual function
successive approximation analog to digital converter (SA-ADC) that enhances power efficiency of
signal conditioning Application Specific Integrated Circuits (ASIC) by eliminating capacitive
sensor readout/interface circuits. The term ‘dual functionality’ refers to the capability of a single
SA-ADC performing the conventional analog to digital conversion as well as direct capacitance to

digital conversion.

To realize this dual functionality, the present invention proposes an improved analog front end
(AFE) and a functionality selection circuitry to be implemented on existing SA-ADCs, whilst
retaining the conventional digital to analog converter (DAC), comparator, successive
approximation register (SAR) logic and output register. The improved AFE and the functionality
selection circuitry are implemented using passive components such as capacitors and analog
switches Therefore, there will not be any addition in power dissipation nor any contribution to the
addition of noise. According to the embodiments of the present invention, the improved AFE and
the functionality selection circuitry cater for the varied input signal range of the SA-ADC required
for the dual functionality, which is the analog to digital conversion and capacitance to digital

conversion.

The dual function SA-ADC according to the present invention is capable of digitizing
conventional analog signals as well as digitizing a measured change in capacitance from a sensing
capacitor. The output of the dual function SA-ADC is a digital output that is proportional to either
an analog input signal or a change in an analog input capacitance signal. In both cases, the digital
output will be free from errors caused by parasitic capacitance and analog switches charge
injection through the implementation of a fully differential operation. Analog switches herein may

be Metal-Oxide—Semiconductor (MOS) switches.
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Reference is first being made to FIGURE 1. FIGURE 1 illustrates a block diagram of the dual
function SA-ADC. The dual-function SA-ADC system (100) comprises an analog front end (104),
a functionality selection circuitry, a digital to analog converter (102), a comparator (106), a
successive approximation register logic (112) and an output register (114). An external capacitance
that is to be measured by a capacitance sensor is modeled as a sense capacitor (Csensor), @

reference capacitor (Cggr) and a plurality of analog switches (S0, S1).

The AFE (104) couples an input signal to the comparator (106) for the SA-ADC to perform either
of the dual functionality, which is the analog to digital conversion or capacitance to digital
conversion. The functionality selection circuitry (or multiplexing circuitry) determines which input
signal is to be coupled to the comparator (106), which is either an output of the digital to analog

converter (102) or an analog input capacitance signal.

The DAC (102) generates a scaled reference voltage required by the comparator (106), while the
comparator (106) compares the input signal and the scaled reference voltage to generate a
comparison result. Finally, the SAR logic performs successive approximation based on the
comparison result from the comparator (106) to generate either a scaled output required by the

DAC (102) or a digital output proportional to the input signal stored in the output register (114).

The improved AFE (104) further comprises a first coupling capacitor (C.), a second coupling
capacitor (C.) and a sample and hold switch (S2A). A first terminal of the first coupling capacitor
(Co)is cqupled to the output of the DAC (102) through the sample and hold switch (S2A), while a
second terminal of the first coupling capacitor (C.) is coupled to a first input of the comparator

(106). The second coupling capacitor (C,) is coupled to a second input of the comparator (106).

To selection between the dual functionality of the SA-ADC is performed by the functionality
selection circuitry. This circuitry further comprises a first switch (S2B) and a second switch (S4).
These switches are programmably controlled by any form of control module or software
programmed. These switches are configured according to a predefined switching sequence based
on the desired functionality of the SA-ADC. The first switch (S2B) couples the first terminal of a
first coupling capacitor (C.) of the AFE (104) to an analog input signal. The second switch (S4)

couples the first input of the comparator (106) to the analog input capacitance signal.

The DAC (102) of the dual function SA-ADC may be implemented as either a resistive digital to
analog converter (RDAC) or capacitive digital to analog converter (CDAC). In the case of the
later, the sample and hold block is incorporated within the CDAC instead of the AFE (104), as is
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the case for the RDAC. The comparator (106) of the dual function SA-ADC further comprises a
preamplifier (108), a latch (110) and a pair of auto-zeroing switches (S3).

Analog to digital conversion

In one embodiment of the present invention, the dual function SA-ADC performs analog to digital
conversion wherein a digital output proportional to an analog input signal is generated and stored
in the output register (114). The analog to digital conversion mode comprises a sampling phase
and a bit cycling phase. During the analog to digital conversion mode, the plurality of analog
switches (S0, S1) that model the external capacitance that is to be measured are turned OFF.
Switching sequence of the remaining analog switches provide the SA-ADC with a dynamic input
signal range of

VREF’ = VREFP — VREFN.

VREFP and VREFN are voltage references that may be supplied directly from a power supply, or

an external voltage reference, or a digital logic output.

Reference is being made to FIGURE 2A. FIGURE 2A illustrates the dual function SA-ADC
during the sampling phase of analog to digital conversion mode. During the sampling phase of the
analog to digital conversion mode, the analog input signal is sampled onto the first coupling
capacitor (C,) and second coupling capacitor (C.) of the AFE (104) and the preamplifier (108) of
the comparator (106) is set to auto-zero. To enable sampling of the analog input signal, the sample
and hold switch (S2A) of the AFE (104) is turned OFF and the first switch (S2B) of the
functionality selection circuitry is turned ON. Simultaneously, the second switch (S4) of the
functionality selection circuitry is turned OFF. To enable the preamplifier (108) auto-zero, the pair

of auto-zeroing switches (S3) is turned ON.

Reference is being made to FIGURE 2B. FIGURE 2B illustrates the dual function SA-ADC during
the bit cycling phase of analog to digital conversion mode. During the bit cycling phase of the
analog to digital conversion mode, successive approximation of the sampled analog input signal is
performed by the DAC (102) and the SAR logic (112) in order to generate the digital output
proportional to the analog input signal that is later stored in the output register (114). To enable
successive approximation of the sampled analog input signal, the sample and hold switch (S2A) of
the AFE (104) is turned ON and the first and second switch (S2B, S4) of the functionality selection
circuitry is turned OFF. The pair of auto-zeroing switches (S3) is turned OFF.

Capacitance to digital conversion
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In another embodiment of the present invention, the dual function SA-ADC performs capacitance
to digital conversion wherein digital output proportional to an analog input capacitance signal is
generated and stored in the output register (114). The analog input capacitance signal is an external
capacitance measured by the capacitance sensor. The capacitance to digital conversion mode
comprises a pre-charge phase and a charge redistribution phase. During the capacitance to digital
conversion mode, the sample and hold switch (S2A) of the AFE (104) and the second switch (S4)
of the functionality selection circuitry are both turned ON while the first switch (S2B) of the
functionality selection circuitry is turned OFF. Switching sequence of the remaining analog

switches provide the SA-ADC with a dynamic input signal range of VREF.

VREF, the dynamic input signal range of the SA-ADC during the capacitance to digital conversion
mode varies from VREF’, the dynamic input signal range of the SA-ADC during the analog to

digital conversion mode.

Reference is being made to FIGURE 3A. FIGURE 3A illustrates the dual function SA-ADC
during the pre-charge phase of capacitance to digital conversion mode. During the pre-charge
phase of the capacitance to digital conversion mode, Vxis set to 0, the sense capacitor (Csgnsor) 1S
not charged and the reference capacitor (Crer) is charged to VREF - Vx. To enable this, analog
switch (S0) is turned ON while analog switch (S1) is turned OFF, and the pair of auto-zeroing
switches (S3) is turned ON.

Reference is being made to FIGURE 3B. FIGURE 3B illustrates the dual function SA-ADC during
the charge redistribution phase of capacitance to digital conversion mode. During the charge
redistribution phase of capacitance to digital conversion mode, Vx changes as follows:

VREF *(Crer - Csensor)

(Crer + Csensor + Cc)
This corresponds to feeding the comparator (106) with an analog input signal of:

VREF *(Crer - Csensor)

(Crer + Csensor + Cc)
To enable this, analog switch (S0) is turned OFF while analog switch (S1) is turned ON, and the

pair of auto-zeroing switches (S3) is turned OFF. This renders the DAC (102) having output of:
Voacour = VREF *(Crer - Csensor) '
Ce
Successive approximation of the analog input signal is performed by the DAC (102) and the SAR

logic (112) in order to generate the digital output proportional to the analog input capacitance
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signal, which is the change [Crzr - Csensor ] in the external capacitance measured by the

capacitance sensor, that is later stored in the output register (114).

VREF is a voltage reference that may be supplied directly from a power supply, or an external

voltage reference, or a digital logic output.

Successive approximation

In both the analog to digital conversion mode and capacitance to digital conversion mode,
successive approximation begins with the SAR Logic (112) setting the MSB of the DAC (102) to 1
and the remaining bits are set to 0. This generates the scaled reference voltage of ' the full-scale
range. The comparator (106) then determines if the scaled reference voltage provided by the DAC
(102) is above or below the input signal to the comparator (106). If the scaled reference voltage is
above the input signal, the scaled reference voltage of Y the full-scale range is utilized for the
successive comparison. This process continues until all the bits within the DAC (102) are tested
and the nearest approximation (result) to the input signal is obtained. The result generated is stored

in the output register (114).
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1.

A dual-function

PCT/MY2011/000099

10

analog to digital converter system (100) comprising:

an analog front end (104);

a functionality selection circuitry;

a digital

to analog converter (102);

a comparator (106);

a successive approximation register logic (112); and

an output register (114);

wherein

the analog front end (104) couples an input signal to the comparator (106)
for either analog to digital conversion or capacitance to digital conversion;
the functionality selection circuitry determines the input signal coupled to
the comparator (106) as being either an output of the digital to analog
converter (102) or an analog input capacitance signal;

the digital to analog converter (102) generates a scaled reference voltage
required by the comparator (106);

the comparator (106) compares the input signal and the scaled reference
voltage to generate a comparison result; and

the successive approximation register logic performs successive
approximation based on the comparison result from the comparator (106)
to generate either a scaled output required by the digital to analog
converter (102) or a digital output proportional to the input signal stored
in the output register (114).

2. A dual-function analog to digital converter (100) according to claim 1, wherein the analog

front end (104) further comprises

a first coupling capacitor (C.);

a second coupling capacitor (C.); and

a sample and hold switch (S2A),

wherein

a first terminal of the first coupling capacitor (C.) is coupled to the output
of the digital to analog converter (102) through the sample and hold
switch (S2A), the sample and hold switch (S2A) is turned OFF during a
sampling phase of analog to digital conversion and turned ON during a bit

cycling phase of analog to digital conversion and during a pre-charge
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4.

11

phase and a charge redistribution phase of capacitance to digital
conversion;

a second terminal of the first coupling capacitor (C.) is coupled to a first
input of the comparator (106); and

the second coupling capacitor (C.) is coupled to a second input of the

comparator (106).

A dual-function analog to digital converter (100) according to claim 1, wherein the input
signal range of the dual-function analog to digital converter (100) during analog to digital
conversion varies from the input signal range of the dual-function analog to digital

converter (100) during capacitance to digital conversion.

A dual-function analog to digital converter (100) according to claim 1, wherein the
functionality selection circuitry further comprises
a first switch (S2B); and
a second switch (54),
wherein
the first switch (S2B) couples a first terminal of a first coupling capacitor
(C.) of the analog front end (104) to an analog input signal, the first
switch (S2B) is turned ON during a sampling phase of analog to digital
conversion and turned OFF during a bit cycling phase of analog to digital
conversion and during a pre-charge phase and a charge redistribution
phase of capacitance to digital conversion; and
the second switch (S4) couples a first input of the comparator (106) to the
analog input capacitance signal, the second switch (S4) is turned ON
during a pre-charge phase and a charge redistribution phase of capacitance
to digital conversion and turned OFF during a sampling phase of and a bit

cycling phase of analog to digital conversion.

A dual-function analog to digital converter (100) according to claim 1, wherein the digital
to analog converter (102) comprises a resistive digital to analog converter or a capacitive

digital to analog converter.

A dual-function analog to digital converter (100) according to claim 1, wherein the
comparator (106) further comprises a preamplifier (108), a latch (110) and a pair.of auto-
zeroing switches (S3), wherein the pair of auto-zeroing switches (S3) is turned ON during

a sampling phase of analog to digital conversion and a pre-charge phase of capacitance to
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digital conversion and turned OFF during a bit cycling phase of analog to digital - -

conversion and a charge redistribution phase of capacitance to digital conversion.

7. A method for dual-function analog to digital converter comprising the steps of:
coupling, by an analog front end (104), an input signal to a comparator (106) for
either analog to digital conversion or capacitance to digital conversion;,
determining, by a functionality selection circuitry, the input signal coupled to the
comparator (106) as being either an output of a digital to analog converter (102) or
an analog input capacitance signal;
generating, by a digital to analog converter (102), a scaled reference voltage
required by the comparator (106);
comparing, by the comparator (106), the input signal and the scaled reference
voltage to generate a comparison result; and
performing, by a successive approximation register logic, successive
approximation based on the comparison result from the comparator (106) to
generate either a scaled output required by the digital to analog converter (102) or

a digital output proportional to the input signal stored in an output register (114).

8. A method for dual-function analog to digital converter according to claim 7, wherein the
method further comprises the steps of?:

coupling a first terminal of a first coupling capacitor (C.) to the output of the
digital to analog converter (102) through a sample and hold switch (S2A), the
sample and hold switch (S2A) is turned OFF during a sampling phase of analog to
digital conversion and turned ON during a bit cycling phase of analog to digital
conversion and during a pre-charge phase and a charge redistribution phase of
capacitance to digital conversion;
coupling a second terminal of the first coupling capacitor (C) to a first input of
the comparator (106); and
coupling a second coupling capacitor (C.) to a second input of the comparator

(106).

9. A method for dual-function analog to digital converter according to claim 7, wherein the
input signal range of the dual-function analog to digital converter (100) during analog to
digital conversion varies from the input signal range of the dual-function analog to digital

converter (100) during capacitance to digital conversion.
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10. A method for dual-function analog to digital converter according to claim 7, wherein the

11.

12.

method further comprises the steps of:

coupling, using a first switch (S2B), a first terminal of a first coupling capacitor
(C.) of the analog front end (104) to an analog input signal, the first switch (S2B)
is turned ON during a sampling phase of analog to digital conversion and turned
OFF during a bit cycling phase of analog to digital conversion and during a pre-
charge phase and a charge redistribution phase of capacitance to digital
conversion; and

coupling, using a second switch (S4), a first input of the comparator (106) to the
analog input capacitance signal, the second switch (S4) is turned ON during a pre-
charge phase and a charge redistribution phase of capacitance to digital conversion
and turned OFF during a sampling phase of and a bit cycling phase of analog to

digital conversion.

A method for dual-function analog to digital converter according to claim 7, wherein the
digital to analog converter (102) is comprises a resistive digital to analog converter or a

capacitive digital to analog converter.

A method for dual-function analog to digital converter according to claim 7, wherein the
comparator (106) further comprises a preamplifier (108), a latch (110) and a pair of auto-
zeroing switches (S3), wherein the pair of auto-zeroing switches (S3) is turned ON during
a sampling phase of analog to digital conversion and a pre-charge phase of capacitance to
digital conversion and turned OFF during a bit cycling phase of analog to digital

conversion and a charge redistribution phase of capacitance to digital conversion.
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