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(54) FINGERPRINT PROCESSING SYSTEM AND METHOD

(57) According to a first aspect of the present disclo-
sure, a fingerprint processing system is provided, which
comprises: a set of sensor plates; a measurement unit
configured to measure one or more capacitances on the
sensor plates; a processing unit configured to process
the measured capacitances; wherein the measurement
unit is configured to concurrently measure capacitances
on subsets of the set of sensor plates; wherein the

processing unit is configured to process the concurrently
measured capacitances. According to a second aspect
of the present disclosure, a corresponding method of
processing a fingerprint in a fingerprint processing sys-
tem is conceived. According to a third aspect of the
present disclosure, a corresponding computer program
is provided.
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Description

FIELD

[0001] The present disclosure relates to a fingerprint
processing system. Furthermore, the present disclosure
relates to a corresponding fingerprint processing method
and to a corresponding computer program.

BACKGROUND

[0002] Today, many electronic devices and systems
require a form of user authentication. For example, in a
payment system, a fingerprint verification device may be
used to initiate a payment and to authenticate a user.
The fingerprint verification device may for example take
the form of, or be embedded in, a smart card. More spe-
cifically, in addition to conventional user authentication
via a personal identification number (PIN), a smart card
may also include a fingerprint sensor for capturing the
user’s fingerprint. In that case, the captured fingerprint
may be used to ascertain that the smart card is presented
to a terminal by its rightful owner, for example. However,
it may difficult to implement a fingerprint sensor with a
high sensitivity in a fingerprint verification device of the
kind set forth.

SUMMARY

[0003] According to a first aspect of the present disclo-
sure, a fingerprint processing system is provided, which
comprises: a set of sensor plates; a measurement unit
configured to measure one or more capacitances on the
sensor plates; a processing unit configured to process
the measured capacitances; wherein the measurement
unit is configured to concurrently measure capacitances
on subsets of the set of sensor plates; wherein the
processing unit is configured to process the concurrently
measured capacitances.
[0004] In one or more embodiments, the processing
unit is further configured to derive a capacitance on one
or more individual sensor plates from said concurrently
measured capacitances.
[0005] In one or more embodiments, said subsets are
mutually different subsets of the set of sensor plates.
[0006] In one or more embodiments, each subset com-
prises (n - 1) sensor plates, wherein n represents the
number of sensor plates in the set of sensor plates.
[0007] In one or more embodiments, the measurement
unit is configured to sequentially measure the capaci-
tances on n mutually different subsets of the set of sensor
plates.
[0008] In one or more embodiments, the measurement
unit comprises a switched capacitor integrator.
[0009] In one or more embodiments, the set of sensor
plates corresponds to a row in an array of sensor plates.
[0010] In one or more embodiments, the set of sensor
plates corresponds to multiple rows in an array of sensor

plates.
[0011] In one or more embodiments, the array of sen-
sor plates is controlled by configurable shift registers.
[0012] In one or more embodiments, the set of sensor
plates corresponds to an image or to multiple images of
a fingerprint.
[0013] In one or more embodiments, the processing
unit is a microcontroller.
[0014] In one or more embodiments, the processing
unit is further configured to derive, from the capacitance
on an individual sensor plate, the distance between a
surface of the finger and said sensor plate, and to use
said distance for generating a fingerprint image.
[0015] In one or more embodiments, a fingerprint ver-
ification device, in particular a smart card, comprises a
fingerprint processing system of the kind set forth.
[0016] According to a second aspect of the present
disclosure, a method of processing a fingerprint in a fin-
gerprint processing system is conceived, said system
comprising a set of sensor plates, a measurement unit
configured to measure one or more capacitances on the
sensor plates, and a processing unit configured to proc-
ess the measured capacitances, the method comprising:
the measurement unit concurrently measures capaci-
tances on subsets of the set of sensor plates; the
processing unit processes the concurrently measured
capacitances.
[0017] According to a third aspect of the present dis-
closure, a computer program is provided, the program
comprising non-transient instructions which, when exe-
cuted, carry out or control the steps of a method of the
kind set forth.

DESCRIPTION OF DRAWINGS

[0018] Embodiments will be described in more detail
with reference to the appended drawings, in which:

Fig. 1A shows an illustrative embodiment of a finger-
print processing system;
Fig. 1B shows an illustrative embodiment of a finger-
print processing method;
Fig. 2 shows another illustrative embodiment of a
fingerprint processing system;
Fig. 3 shows an illustrative embodiment of an array
of sensor plates;
Fig. 4 shows an illustrative embodiment of a sam-
pling principle;
Fig. 5 shows an illustrative embodiment of a switched
capacitor integrator;
Fig. 6 shows an illustrative embodiment of an oper-
ation of a switched capacitor integrator;
Fig. 7 shows an illustrative embodiment of a sensor
unit;
Fig. 8 shows an illustrative embodiment of data se-
quencing;
Fig. 9 shows a further illustrative embodiment of a
fingerprint processing system;
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Fig. 10 shows an illustrative embodiment of a finger-
print verification system.

DESCRIPTION OF EMBODIMENTS

[0019] Fig. 1A shows an illustrative embodiment of a
fingerprint processing system 100. The fingerprint
processing system 100 comprises a set of sensor plates
102 operatively coupled to a measurement unit 104. Fur-
thermore, the fingerprint processing system 100 com-
prises a processing unit 106 operatively coupled to the
measurement unit 104. In accordance with the present
disclosure, the measurement unit 104 is configured to
measure one or more capacitances on the sensor plates
102. In particular, a measurable capacitance may devel-
op on a sensor plate when a voltage is applied to said
plate and an external object, such as a finger, comes into
proximity of said plate. In this scenario, the sensor plate
may act as an electrode and the external object may act
as a counter electrode. More specifically, in accordance
with the present disclosure, the measurement unit 104
is configured to concurrently measure capacitances on
subsets of the set of sensor plates 102. Furthermore, the
fingerprint processing system 100 comprises a process-
ing unit 106 operatively coupled to the measurement unit
104. The processing unit 106 is configured to process
measured capacitances, in particular concurrently meas-
ured capacitances. By concurrently measuring capaci-
tances on subsets of the set of sensor plates 102, the
sensitivity of a fingerprint sensor may be increased.
[0020] Fig. 1B shows an illustrative embodiment of a
corresponding fingerprint processing method 108. The
method 108 comprises, at 110, that the measurement
unit 104 concurrently measures capacitances on subsets
of the set of sensor plates 102. Furthermore, the method
108 comprises, at 112, that the processing unit 106 proc-
esses the capacitances that were concurrently measured
by the measurement unit 104. As mentioned above, by
concurrently measuring capacitances on subsets of the
set of sensor plates 102, the sensitivity of a fingerprint
sensor may be increased.
[0021] In particular, the integration of a fingerprint sen-
sor into smart cards may require costly manufacturing
processes, mainly due to the requirement to expose a
coated sensing surface to a cardholder’s finger. In order
to meet this requirement a fingerprint sensor may need
a complex module packaging, so as to ensure that the
sensor is integrated into a card in such a way that it with-
stands mechanical stress. Quality requirements of this
kind may be prescribed by payment network operators,
for example. Smart cards often comprise a substrate; the
fingerprint sensor may be connected to one side of the
substrate, while the finger touches the other side of the
substrate. Unfortunately this substrate, which may act as
an insulation material, has a certain minimum thickness.
The presence of insulation material between a cardhold-
er’s finger and the active area of a sensor may lead to
an attenuation of the measurable effects (e.g., an atten-

uation of the capacitance change on sensor plates) when
a finger comes into proximity of the sensor. This, in turn,
may negatively affect the sensitivity of the fingerprint sen-
sor. Although a reduced sensitivity may be corrected by
software-implemented techniques (e.g., correlation, fil-
tering and deconvolution), these corrections consume
power and require a sufficiently large memory. These
correction techniques are therefore less suitable for re-
source-constrained devices, such as smart cards. As ex-
plained herein, the presently disclosed system and meth-
od may achieve an increased sensitivity without applying
the aforementioned correction techniques.
[0022] Fig. 2 shows another illustrative embodiment
of a fingerprint processing system 200. The fingerprint
sensing system 200 comprises a set of sensor plates 202
coupled to a nitride layer 204. The nitride layer 204 is
coupled to a glue-layer 206. The glue-layer 206 is cou-
pled to a substrate 208. The fingerprint system 200 may
form part of a smart card, for example. The substrate 208
may be touched by a finger 212. It is noted that more
insulating layers may be present between the finger 212
and the nitride layer 204. Furthermore, a coating may be
present between the finger 212 and the substrate 208.
Furthermore, it is noted that the term "finger" includes all
parts of a finger, such as the finger’s papillae. Thus, more
precisely, the substrate 208 (or the coating, as the case
may be) may be touched by the finger’s ridges. At loca-
tions where the finger 212 does not touch the substrate
208, an air gap 210 may exist. A measurement unit (not
shown) may measure the capacitances present on the
sensor plates 202 in order to detect the touching of the
substrate 208 by the finger 212 at the specific locations
of the plates 202. More specifically, when the substrate
208 is touched at a specific location, the capacitance on
the sensor plate 202 at that location will change since
the finger acts as a counter electrode, and the air gap
210 is absent or small at that location. Thus, the variance
in the air gap between the finger’s surface and the sensor
may indicate the depth of the fingerprint’s papillae. By
registering and processing the changed capacitances,
an image of the fingerprint may be formed.
[0023] As shown in Fig. 2, additional layers are often
present between the sensor plates 202 and the surface
of the finger 212: a nitride passivation layer 204 having
a thickness of e.g. 1.5 mm that is applied during wafer
processing of the sensor, a glue layer 206 of e.g. 10-25
mm that may be applied after wafer production by dis-
pensing, and a substrate layer 208 of 50-150 mm which
may be formed by a thermoplastic material such as PET,
PVC, polycarbonate or PI. As mentioned above, more
layers may be present between the sensor plates 202
and the surface of the finger 212. The average valley
depth of a human finger may be assumed to be 20 mm.
To the various layers with various materials various die-
lectric constants may be assigned. As a simplification, in
the following description the indicated thicknesses are
corrected by application of the related dielectric con-
stants, so as to yield a distance corresponding to an air
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gap with similar capacitive properties. For instance, a
dielectric constant of 3 would correct a 150 mm thick poly-
carbonate substrate to 50 mm. Assuming an average di-
electric constant of e.g. 3 and the thicknesses as indicat-
ed above, a layer stack of 2 mm nitride, 10 um of glue-
layer and 150 mm of substrate yields an additional, virtual
air gap of 54 mm. As the relationship between capaci-
tance and air gap is reciprocal, the impact of an additional
air gap of 54 mm is significant. From an electrical per-
spective the additional air gap reduces the overall capac-
itance, yielding an attenuated voltage after capacitance-
to-voltage conversion. This, in turn, reduces the sensi-
tivity of the sensor.
[0024] In accordance with the present disclosure, ca-
pacitances on subsets of the set of sensor plates 202 are
measured concurrently, as shown in the lower part of Fig.
2. For instance, in a first time slot (sample number 1) the
capacitances C2, C3, and C4 are measured. In a second
time slot (sample number 2) the capacitances C1, C3,
and C4 are measured. In a third time slot (sample number
3) the capacitances C1, C2, and C4 are measured. In a
fourth time slot (sample number 4) the capacitances C1,
C2, and C3 are measured. Thus, instead of sequentially
measuring the individual capacitances C1, C2, C3, and
C4, capacitances {C2, C3, C4} are measured concur-
rently, capacitances {C1, C3, C4} are measured concur-
rently, capacitances {C1, C2, C4} are measured concur-
rently, and capacitances {C1, C2, C3} are measured con-
currently. In this way, the sensitivity of the sensor may
be increased. In particular, the size of a sensor plate de-
termines, among other parameters, the capacitance be-
tween said sensor plate and the finger’s surface. The
capacitance of such a sensor plate may e.g. be in the
range of 0.5 fF to 20 fF when the finger’s surface is in
proximity. By concurrently measuring the capacitances
on subsets of the sensor plates, a "virtual sensor plate"
is created, which has a larger size than the individual
sensor plates 202. The higher capacitance measured on
this "virtual sensor plate" (i.e., higher than the individual
capacitances on the sensor plates 202) mitigates the
aforementioned attenuation of the measurable effects.
This, in turn, increases the sensitivity of the sensor.
[0025] In one or more embodiments, the processing
unit is further configured to derive a capacitance on one
or more individual sensor plates from the concurrently
measured capacitances. For example, the processing
unit may perform a calculation that derives the individual
capacitances on the sensor plates from the capacitances
measured on the subsets. In this way, the fingerprint sen-
sor may be sufficiently sensitive, and at the same time it
may still produce a high-resolution fingerprint image. An
example of such a calculation is described with reference
to Fig. 4. In a practical and efficient implementation, the
subsets are mutually different subsets of the set of sensor
plates. Thereby, the calculation of the individual capac-
itances may be simplified. Furthermore, in a practical and
efficient implementation, each subset comprises (n - 1)
sensor plates (n represents the total number of sensor

plates in the set), and the measurement unit is configured
to sequentially measure the capacitances on n mutually
different subsets of the set of sensor plates. This may
further facilitate the calculation of the individual capaci-
tances on the sensor plates in the set. Furthermore, in a
practical and efficient implementation, n is a power of two
plus one (n = 2·x + 1). In that case, post-processing may
be realized by binary shift operations, which have the
advantage of being fast.
[0026] Fig. 3 shows an illustrative embodiment of an
array 300 of sensor plates. The array 300 comprises a
plurality of sensor plates organized in rows and columns.
For example, row 302 contains a plurality of sensor
plates. In this row 302, the capacitances of all but one
sensor plate are measured concurrently. For instance,
the capacitance of sensor plate 304 may not be meas-
ured, while the capacitances of the other sensor plates
in row 302 are measured concurrently. In other words,
sensor plate 304 is not evaluated, while the other sensor
plates in row 302 are evaluated concurrently. For a fin-
gerprint sensor it may be assumed that the fingerprint
does not vary over time while it is scanned. Under this
assumption the line scanning sequence shown in Fig. 3
may be applied. In this example, the set of sensor plates
is row 302 contains 16 sensor plates (so n = 16), and the
subset of sensor plates that is evaluated contains 15 sen-
sor plates (n - 1). As mentioned above, this results in a
practical and efficient implementation. The image may
be scanned line by line (i.e., row by row). In total as many
sum evaluations may be applied as the number of sensor
plates contained in row 302. In other words, n mutually
different subsets of the set of sensor plates may be eval-
uated sequentially. The sensor area is then a multiple of
(n - 1) instead of the area of a single sensor plate; thus
the output signal is also a multiple compared to signal
provided by a single sensor plate.
[0027] Fig. 4 shows an illustrative embodiment of a
sampling principle 400 in accordance with the present
disclosure. The left side of Fig. 4 shows the evaluation
402 of single sensor plates. In other words, the left side
of Fig. 4 shows how individual capacitances C1, C2, C3,
and C4 are measured sequentially. For example, the in-
dividual capacitances may be measured in subsequent
cycles or sampling steps. The right side of Fig. 4 shows
the concurrent evaluation 404 of sensor plates in accord-
ance with the present disclosure. In other words, the right
side of Fig. 4 shows how capacitances on subsets of
sensor plates are measured concurrently. More specifi-
cally, in a first cycle or sampling step capacitances {C2,
C3, C4} are measured concurrently, in a second cycle or
sampling step capacitances {C1, C3, C4} are measured
concurrently, in a third cycle or sampling step capaci-
tances {C1, C2, C4} are measured concurrently, and in
a fourth cycle or sampling step capacitances {C1, C2,
C3} are measured concurrently.
[0028] The sampling principle 400 shown in Fig. 4 ap-
plies to a set that comprises four sensor plates. Due to
that fact that in every step one sensor plate is not eval-
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uated the sum of all sum samples amounts to (4 - 1) = 3
multiplied by the sum of all capacitances. It is noted that
the term "sum sample" refers to the concurrently meas-
ured capacitances in a particular step. By subtracting (4
- 1) = 3 multiplied by one sum sample (e.g. C2 + C3 +
C4, as shown in Fig. 4) from the sum of all sum samples
the value of (4 - 1) = 3 multiplied by an individual capac-
itance is obtained (e.g. 3·C3, as shown in Fig. 4). By
dividing this value by (4 - 1) = 3, the value of the individual
capacitance (C3) is obtained. Thus, specifically, the val-
ue of the individual capacitance that is not included in
the sample sum under consideration is obtained. The
gain factor in this example is (4 - 1) = 3. For a large set
of sensor plates (e.g., n = 96) the gain factor is significant
(96 - 1) = 95. Thus, generally speaking, the gain factor
is (n - 1). This sampling principle is not limited to a single
line or row; it may also be applied to a whole image or to
multiple images as long as the fingerprint images do not
vary during a sampling period. Furthermore, it is noted
that the sampling principle is not limited to sampling ex-
actly n - 1 samples in case of n sensor plates in a line or
a row.
[0029] Fig. 5 shows an illustrative embodiment of a
switched capacitor integrator 500. In particular, in one or
more embodiments, the measurement unit comprises
the switched capacitor integrator 500. The switched ca-
pacitor integrator 500 facilitates the implementation of
the sampling principle illustrated in Fig. 4. The switched
capacitor integrator 500 comprises an operational
transconductance amplifier (OTA) 502, select switches
504, pre-charge switches 506, a reference voltage
source 508, a pre-charge voltage source 510, and a sig-
nal-to-data conversion unit 512. In particular, the creation
of the sum samples is realized by the switched capacitor
integrator 500. The select switches 504 facilitate the se-
lection of sensor plates that should contribute to a sum
sample in a given cycle or sampling step.
[0030] Fig. 6 shows an illustrative embodiment of an
operation 600 of a switched capacitor integrator. The op-
eration 600 comprises the following steps. At 602, all
select switches are opened. At 604, the reset switch is
closed. At 606, all pre-charge switches are closed. At
610, the reset switch is opened. At 612, dedicated select
switches are closed (i.e., the select switches associated
with the particular sensor plates in the subset under eval-
uation). At 614, the OTA output stabilizes during a waiting
period. At 616, the OTA output is converted to data. The
steps 602 to 616 are repeated for all other sample sums
(i.e., for all other subsets that will be evaluated).
[0031] In particular, the sequence starts with opening
all select switches at 602 and thus preparing to set the
initial conditions for all sensor plates. Then the reset
switch is closed at 604 to reset the integration capacitor
and reset the inverting input node of the OTA to the ref-
erence voltage Vref. Then all pre-charge switches are
closed at 606, so that all sensor plates are pre-charged
to the pre-charge voltage Vpre (which may be 0, for ex-
ample). Then all pre-charge switches are opened again

at 608. Then the reset switch may be opened at 610 to
prepare the readout cycle. Then all select switches as-
sociated with the sensor plates in the subset under eval-
uation are closed at 612. As long as the pre-charge volt-
age Vpre deviates from the reference voltage Vref the
OTA provides a current through the integration capacitor
CI (shown in Fig. 5). This charges all sensor plates in the
subset until their voltage is equal to the reference voltage
Vref. Once the OTA output has stabilized at the end of
the waiting period 614, the OTA may provide the charge
collected by the integration capacitor CI, which is indic-
ative of the capacitance sum of all sensor plates con-
nected to the inverted OTA input (i.e., the sensor plates
in the subset under evaluation. A successive signal-to-
data converter converts the OTA output into machine
readable format at 616.
[0032] Fig. 7 shows an illustrative embodiment of a
sensor unit 700. The sensor unit 700 comprises a device
setup/control and power management block 702, an ar-
ray control block 704, a sensor array 706, a readout sys-
tem 708, a data sequencer 710, and a communication
interface 716. The data sequencer 710 comprises a sum-
mer 712 and a gain factor multiplier 714. In particular,
the sensor array 706 comprises a plurality of sensor
plates of the kind set forth. Furthermore, the readout sys-
tem 708 may comprise a switched capacitor integrator
as shown in Fig. 5, which operates as shown in Fig. 6.
More specifically, a device setup/control circuit com-
prised in block 702 may be configured to drive the array
control block 704, such that a fingerprint image may be
sampled line by line, for example. The readout system
708 may provide a series of sum samples that may be
summed by a separate summer 712 and that may be
multiplied concurrently by the gain factor by the gain fac-
tor multiplier 714, in order to simplify consecutive
processing. Both the individual sum samples multiplied
by the gain factor and the total sum of all sum samples
may be communicated through the communication inter-
face 716 to a computing device (not shown) for subse-
quent calculation of the individual and amplified capaci-
tances. It is noted that the array control block 704 may
be may be implemented using configurable shift regis-
ters. In that case, predefined loading patterns may control
these shift registers, so as to easily realize a desired
scanning sequence.
[0033] Fig. 8 shows an illustrative embodiment of data
sequencing 800. The data sequencing 800 may be car-
ried out by the data sequencer 710 shown in Fig. 7. The
data sequencing comprises, at 802, initializing a variable
TotalSum with the value 0, and then entering a loop 804
that is executed for each sample sum. The loop 804 com-
prises, at 806, obtaining a sample sum value from the
readout system 708, at 808, adding the obtained sample
sum value to the variable TotalSum, and, at 810, output-
ting the sample sum value multiplied by the gain factor.
At 812, the value of variable TotalSum is output to the
communication interface 716.
[0034] Fig. 9 shows a further illustrative embodiment
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of a fingerprint processing system 900. The fingerprint
processing system 900 comprises a sensor unit 902 that
is operatively coupled to a microcontroller unit 904. The
sensor unit 902 may for example be the same as the
sensor unit 700 shown in Fig. 7. Furthermore, the micro-
controller unit 904 may embody the presently disclosed
processing unit. The microcontroller unit 904 may thus
process the concurrently measured capacitances on the
different subsets of the set of sensor plates present in
the sensor unit 902. In addition, the microcontroller 904
may contain a fingerprint feature extraction unit and a
fingerprint template generator (i.e., a generator providing
a description of identified minutiae in a list format). In
particular, in one or more embodiments, the microcon-
troller unit 904 may derive, from the calculated capaci-
tance on an individual sensor plate at a particular loca-
tion, the distance between a surface of the finger and
said sensor plate, and to use said distance for generating
a fingerprint image. That is to say, fingerprint features
(e.g., minutiae) may be extracted from a plurality of de-
rived distances at different locations in a sensor array.
The extracted fingerprint features may be used to create
a fingerprint template that can be compared to a stored
reference template, with the purpose of authenticating a
user, for example.
[0035] In operation, the microcontroller unit 900 may
be configured to receive the sum samples and the total
sample sum from the sensor unit 902. The microcontrol-
ler unit 900 may also perform subtractions to derive in-
dividual capacitances of specific sensor plates. The de-
rived individual capacitance values may be processed
by the microprocessor unit 904 in order to derive the cor-
responding fingerprint valley depths (i.e., the distances
between the respective sensor plates and the finger).
The obtained valley depths may be processed by the
feature extraction unit to provide a set of fingerprint fea-
tures, which may be formatted by the template generator
so as to generate a fingerprint template which complies
with the input requirements of a subsequent matcher.
[0036] Fig. 10 shows an illustrative embodiment of a
fingerprint verification system 1000. The system 1000
comprises a biometric template generation unit 1002
(e.g., the fingerprint template generator of the microcon-
troller 904) operatively coupled to a secure element 1004.
The secure element 1004 may for example be a chip
embedded in a smart card, more specifically a tamper-
resistant integrated circuit with installed or pre-installed
smart-card-grade applications, for instance payment ap-
plications, which have a prescribed functionality and a
prescribed level of security. Furthermore, the secure el-
ement 1004 may implement security functions, such as
cryptographic functions and authentication functions. In
this example, the secure element 1004 comprises a pay-
ment application, a fingerprint matching component, an
operating system and a driver. The fingerprint matching
component may compare a fingerprint template provided
by the biometric template generation 1002 with a stored
reference template. Furthermore, the system 1000 com-

prises a payment network 1006 operatively coupled to
the secure element 1004, for example through an inter-
face unit (not shown) of a smart card.
[0037] In particular, a fingerprint template provided by
the biometric template generation unit 1002 may repre-
sent the fingerprint of a cardholder. The template may
be provided through a communication channel to the se-
cure element 1004. Said secure element 1004 may be
configured to match the received template against a
stored reference template that may be linked to the card-
holder’s identity. The fingerprint template generation may
be initiated by a payment applet executed under control
of an operating system that is implemented on the secure
element 1004. In case of a positive match between the
received template and the stored reference template, a
payment transaction may be authorized. For that purpose
the secure element 1004 may be connected to the pay-
ment network 1006. If a payment transaction requires
authentication, the payment applet executed by the se-
cure element 1004 may request the fingerprint verifica-
tion.
[0038] The systems and methods described herein
may at least partly be embodied by a computer program
or a plurality of computer programs, which may exist in
a variety of forms both active and inactive in a single
computer system or across multiple computer systems.
For example, they may exist as software program(s)
comprised of program instructions in source code, object
code, executable code or other formats for performing
some of the steps. Any of the above may be embodied
on a computer-readable medium, which may include
storage devices and signals, in compressed or uncom-
pressed form.
As used herein, the term "mobile device" refers to any
type of portable electronic device, including a cellular tel-
ephone, a Personal Digital Assistant (PDA), smartphone,
tablet etc. Furthermore, the term "computer" refers to any
electronic device comprising a processor, such as a gen-
eral-purpose central processing unit (CPU), a specific-
purpose processor or a microcontroller. A computer is
capable of receiving data (an input), of performing a se-
quence of predetermined operations thereupon, and of
producing thereby a result in the form of information or
signals (an output). Depending on the context, the term
"computer" will mean either a processor in particular or
more generally a processor in association with an as-
semblage of interrelated elements contained within a sin-
gle case or housing.
The term "processor" or "processing unit" refers to a data
processing circuit that may be a microprocessor, a co-
processor, a microcontroller, a microcomputer, a central
processing unit, a field programmable gate array (FPGA),
a programmable logic circuit, and/or any circuit that ma-
nipulates signals (analog or digital) based on operational
instructions that are stored in a memory. The term "mem-
ory" refers to a storage circuit or multiple storage circuits
such as read-only memory, random access memory, vol-
atile memory, non-volatile memory, static memory, dy-
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namic memory, Flash memory, cache memory, and/or
any circuit that stores digital information.
As used herein, a "computer-readable medium" or "stor-
age medium" may be any means that can contain, store,
communicate, propagate, or transport a computer pro-
gram for use by or in connection with the instruction ex-
ecution system, apparatus, or device. The computer-
readable medium may be, for example but not limited to,
an electronic, magnetic, optical, electromagnetic, infra-
red, or semiconductor system, apparatus, device, or
propagation medium. More specific examples (non-ex-
haustive list) of the computer-readable medium may in-
clude the following: an electrical connection having one
or more wires, a portable computer diskette, a random
access memory (RAM), a read-only memory (ROM), an
erasable programmable read-only memory (EPROM or
Flash memory), an optical fiber, a portable compact disc
read-only memory (CDROM), a digital versatile disc
(DVD), a Blu-ray disc (BD), and a memory card.
It is noted that the embodiments above have been de-
scribed with reference to different subject-matters. In par-
ticular, some embodiments may have been described
with reference to method-type claims whereas other em-
bodiments may have been described with reference to
apparatus-type claims. However, a person skilled in the
art will gather from the above that, unless otherwise in-
dicated, in addition to any combination of features be-
longing to one type of subject-matter also any combina-
tion of features relating to different subject-matters, in
particular a combination of features of the method-type
claims and features of the apparatus-type claims, is con-
sidered to be disclosed with this document.
Furthermore, it is noted that the drawings are schematic.
In different drawings, similar or identical elements are
provided with the same reference signs. Furthermore, it
is noted that in an effort to provide a concise description
of the illustrative embodiments, implementation details
which fall into the customary practice of the skilled person
may not have been described. It should be appreciated
that in the development of any such implementation, as
in any engineering or design project, numerous imple-
mentation-specific decisions must be made in order to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which may vary from one implementation to an-
other. Moreover, it should be appreciated that such a
development effort might be complex and time consum-
ing, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary
skill.
Finally, it is noted that the skilled person will be able to
design many alternative embodiments without departing
from the scope of the appended claims. In the claims,
any reference sign placed between parentheses shall
not be construed as limiting the claim. The word "com-
prise(s)" or "comprising" does not exclude the presence
of elements or steps other than those listed in a claim.
The word "a" or "an" preceding an element does not ex-

clude the presence of a plurality of such elements. Meas-
ures recited in the claims may be implemented by means
of hardware comprising several distinct elements and/or
by means of a suitably programmed processor. In a de-
vice claim enumerating several means, several of these
means may be embodied by one and the same item of
hardware. The mere fact that certain measures are re-
cited in mutually different dependent claims does not in-
dicate that a combination of these measures cannot be
used to advantage.

LIST OF REFERENCE SIGNS

[0039]

100 fingerprint processing system
102 set of sensor plates
104 measurement unit
106 processing unit
108 fingerprint processing method
110 measurement unit concurrently measures ca-
pacitances on subsets of the set of sensor plates
112 processing unit processes the concurrently
measured capacitances
200 fingerprint processing system
202 sensor plates
204 nitride layer
206 glue layer
208 substrate
210 air gap
212 finger
300 array of sensor plates
302 row in array of sensor plates
304 not-evaluated sensor plate
400 sampling principle
402 evaluation of single sensor plates
404 concurrent evaluation of sensor plates
500 switched capacitor integrator
502 operational transconductance amplifier (OTA)
504 select switches
506 pre-charge switches
508 reference voltage source
510 pre-charge voltage source
512 signal-to-data conversion unit
600 operation of switched capacitor integrator
602 open all select switches
604 close reset switch
606 close all pre-charge switches
608 open all pre-charge switches
610 open reset switch
612 close dedicated select switches
614 wait for OTA output to stabilize
616 convert OTA output to data
700 sensor unit
702 device setup and control, power management
704 array control
706 sensor array
708 readout system
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710 data sequencer
712 summer
714 gain factor multiplier
716 communication interface
800 data sequencing
802 TotalSum = 0
804 For Each SampleSum
806 Get SampleSum
808 TotalSum = TotalSum + SampleSum
810 Output SampleSum * Gain
812 Output TotalSum
900 fingerprint processing system
902 sensor unit
904 microcontroller unit
1000 fingerprint verification system
1002 biometric template generation unit
1004 secure element
1006 payment network

Claims

1. A fingerprint processing system, comprising:

a set of sensor plates;
a measurement unit configured to measure one
or more capacitances on the sensor plates;
a processing unit configured to process the
measured capacitances;
wherein the measurement unit is configured to
concurrently measure capacitances on subsets
of the set of sensor plates;
wherein the processing unit is configured to
process the concurrently measured capacitanc-
es.

2. The system of claim 1, wherein the processing unit
is further configured to derive a capacitance on one
or more individual sensor plates from said concur-
rently measured capacitances.

3. The system of claim 1 or 2, wherein said subsets are
mutually different subsets of the set of sensor plates.

4. The system of any preceding claim, wherein each
subset comprises (n - 1) sensor plates, and wherein
n represents the number of sensor plates in the set
of sensor plates.

5. The system of claim 4, wherein the measurement
unit is configured to sequentially measure the capac-
itances on n mutually different subsets of the set of
sensor plates.

6. The system of any preceding claim, wherein the
measurement unit comprises a switched capacitor
integrator.

7. The system of any preceding claim, wherein the set
of sensor plates corresponds to a row in an array of
sensor plates.

8. The system of any one of claims 1 to 6, wherein the
set of sensor plates corresponds to multiple rows in
an array of sensor plates.

9. The system of claim 7 or 8, wherein the array of sen-
sor plates is controlled by configurable shift registers.

10. The system of any one of claims 1 to 6, wherein the
set of sensor plates corresponds to an image or to
multiple images of a fingerprint.

11. The system of any preceding claim, wherein the
processing unit is a microcontroller.

12. The system of claim 2, wherein the processing unit
is further configured to derive, from the capacitance
on an individual sensor plate, the distance between
a surface of the finger and said sensor plate, and to
use said distance for generating a fingerprint image.

13. A fingerprint verification device, in particular a smart
card, comprising the fingerprint processing system
of any preceding claim.

14. A method of processing a fingerprint in a fingerprint
processing system, said system comprising a set of
sensor plates, a measurement unit configured to
measure one or more capacitances on the sensor
plates, and a processing unit configured to process
the measured capacitances, the method comprising:

the measurement unit concurrently measures
capacitances on subsets of the set of sensor
plates;
the processing unit processes the concurrently
measured capacitances.

15. A computer program comprising non-transient in-
structions which, when executed, carry out or control
the steps of the method of claim 14.

Amended claims in accordance with Rule 137(2)
EPC.

1. A fingerprint processing system, comprising:

a set of sensor plates;
a measurement unit configured to measure one
or more capacitances on the sensor plates;
a processing unit configured to process the
measured capacitances;
wherein the measurement unit is configured to
concurrently measure capacitances on mutually
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different subsets of the set of sensor plates;
wherein the processing unit is configured to
process the concurrently measured capacitanc-
es;
wherein each subset comprises (n - 1) sensor
plates, wherein n represents the number of sen-
sor plates in the set of sensor plates, and where-
in the measurement unit is configured to se-
quentially measure the capacitances on n mu-
tually different subsets of the set of sensor
plates.

2. The system of claim 1, wherein the processing unit
is further configured to derive a capacitance on one
or more individual sensor plates from said concur-
rently measured capacitances.

3. The system of any preceding claim, wherein the
measurement unit comprises a switched capacitor
integrator.

4. The system of any preceding claim, wherein the set
of sensor plates corresponds to a row in an array of
sensor plates.

5. The system of any one of claims 1 to 3, wherein the
set of sensor plates corresponds to multiple rows in
an array of sensor plates.

6. The system of claim 4 or 5, wherein the array of sen-
sor plates is controlled by configurable shift registers.

7. The system of any one of claims 1 to 3, wherein the
set of sensor plates corresponds to an image or to
multiple images of a fingerprint.

8. The system of any preceding claim, wherein the
processing unit is a microcontroller.

9. The system of claim 2, wherein the processing unit
is further configured to derive, from the capacitance
on an individual sensor plate, the distance between
a surface of the finger and said sensor plate, and to
use said distance for generating a fingerprint image.

10. A fingerprint verification device, in particular a smart
card, comprising the fingerprint processing system
of any preceding claim.

11. A method of processing a fingerprint in a fingerprint
processing system, said system comprising a set of
sensor plates, a measurement unit configured to
measure one or more capacitances on the sensor
plates, and a processing unit configured to process
the measured capacitances, the method comprising:

the measurement unit concurrently measures
capacitances on mutually different subsets of

the set of sensor plates;
the processing unit processes the concurrently
measured capacitances;
wherein each subset comprises (n - 1) sensor
plates, wherein n represents the number of sen-
sor plates in the set of sensor plates, and where-
in the measurement unit sequentially measures
the capacitances on n mutually different subsets
of the set of sensor plates

12. A computer program comprising non-transient in-
structions which, when executed, carry out or control
the steps of the method of claim 11.
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