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FINGERPRINT SENSOR-COMPATIBLE OVERLAY MATERIAL

RELATED APPLICATION

(66011 This Application is an International Application of U.S. Patent Application Namber
15/347,400, filed on 11/09/2016, which claims the benefit of U.S. Provisional Patent Application
No. 62/255,027, filed November 13, 2015, and claims the benefit of U.S. Provisional Patent
Apphication No. 62/316,451, Giled Maxrch 21, 2016, all of which are jncorporated by reference

herein 1 their entirety.

TECHNICAL FIELD

[6602] The present disclosure relates generally to structures and manufacturing methods of
an anisotropic conductive material, and more particularly, an anisotropic conductive material

which is compatible with a sensor sensing a fingerprint through the material.

BACKGROUND

16603] Various devices and systems such as computing devices, mobile communication
devices, automotive equipment, industrial equipment, home white goods, and entry systems may
require an authentication method to protect against unauthorized access. Fingerprint

authentication using fingerprint sensors may protect an apparatus or system against unauthorized

access.

[6604] Fingerprint sensors may use various capacitive sensing methods to image a

fingerprint pattern, where imaging a fingerprint means detecting a {ingerprint and generating a
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set of data values, or “fingerprint data,” that represcnts the fingerprint in digital format. The
fingerprint data may be an 1mage or other nformation specific to a fingerprint. This method
requires direct contact or close proxumity of the portion of the finger comprising the fingerprint,
or “finger pad,” with the sensor surface. A very thin cover, or overlay, may be disposed over the
sensor surface. Thick overlays between the fingerprint and the fingerprint sensor may obscure

fingerprint features.

[6605] There may be a variety of situations when a user may want to image a fingerprint
through a thick material. A user may want to image a fingerprint using a sensor which is
overlayed by a thick material to protect the sensor {or the device which includes the sensor)
against harmful environmental factors, such as cold and water, and harmful physical factors,
such as sharp objects and corrosive chemicals, or to improve the appearance of the fingerprint
sensor, such as by providing a continuous surface with a touchscreen. A protective enclosure or
cover may be fabricated with rigid material, such as, but not limited to, glass or plastic, or
flexible material, such as, but not limited to, fabric or film. A protective enclosure may
completely enclose a device or may partially enclose a device. Current {fingerprint sensors cannot
image fingerprints through thick material. Using an enclosure or cover material that is thin
enough to enable fingerprint sensing may limit the protective effectiveness of the enclosure or
film. If using a thick enclosure or cover material, the user may have to remove the device from
the enclosure or cover to enable fingerprint sensing. Removing the cover or enclosure may be
inconvenient for the user and and/or may risk damaging the device. It is desirable to create a
material which can overlay the sensor where the material that 1s thick enough for protection but

enables accurately imaging a fingerprint through the material.
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SUMMARY

160861 In an embodiment, an anisotropic conductive material is disclosed which is thick
enough for protection but enables a fingerprint sensor to accurately image a fingerprint through
the material. The anisotropic conductive material is substantially more conductive in one
direction, such as a direction orthogonal to the surface of a fingerprint sensor, than in other
directions, increasing the capacitive coupling of the fingerprint to the sensor surface, allowing

the fingerprint sensor to accurately image the fingerprint through the material.

1884871 In an embodiment, method for fabricating an anisotropic conductive material is
disclosed. The anisotropic conductive material is substantially more conductive in one direction,

than 1n other directions.

[6608] in an embodiment, a method is disclosed for imaging a fingerprint by a
fingerprint sensor overlayed with an anisotropic conductive material which is thick enough to
provide protection but enables the fingerprint sensor to accurately image a fingerprint through
the material. The anisotropic conductive material is substantially more conductive in one
direction, such as a direction orthogonal to the surface of a fingerprint sensor, than in other
directions, increasing the capacitive coupling of the {ingerprint to the sensor surface, allowing

the fingerprint sensor to accurately image the fingerprint through the material.

[6609] In an embodiment, a fingerprint sensor apparatus is disclosed for imaging a
fingerprint by a fingerprint sensor overlayed with an anisotropic conductive material which 1s

thick enough to provide protection but enables the fingerprint sensor to accurately image a
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fingerprint through the material. The anisotropic conductive material 1s substantially more
conductive in one direction, such as a divection orthogonal to the surface of a fingerprint sensor,
than in other directions, 1ncreasing the capacitive coupling of the fingerprint to the sensor

surface, allowing the fingerprint sensor to accurately image the fingerprint through the material.
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BESCRIPTION OF THE DRAWINGS

16616} Figure 1 ilustrates a device with a fingerprint-enabled authentication system.

(6611} Figure 2 iHustrates a fingerprint sensing system.

16612] Figure 3 iHustrates a {ingerpriot sensor structure,

[6013] Figure 4 illustrates a capacitive sensor array suitable for detecting and imaging

fingerprints.

[6014] Figures SA-5C illustrate a material with pillars that are fabricated in the material in

one direction according (o various embodiments.

[6015] Figures 6A-6B illustrate a material with pillars fabricated in the material in shapes

according to various embodiments,

TEY Figures 7A-7B illustrate a material in which conductive elements have been

incorporated nto the material according to various embodiroents.

00173 Figures 8A-8C illustrate a material in which conductive elements have been

incorporated nto the material according to various embodiroents.

(0018} Figures 9A-9B illustrates the effect of anisotropic conductive material on the electric

field density of a capacitive lingerprint sensor according to various embodiments.

0019 Figures 10A-108B illustrate the effect of anisotropic conductive material on the

imaging of a fingerprint by a fingerprint sensor according (o various embodiments.
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[6020] Figures 11A-11B illustrate measured capacitance according to various embodiments.

16621} Figures 12A-121 illustrate arrangements of pillars according to various embodiments.

16622] Figure 13 illustrates an arrangement of pillars according to an embodiment.

16623] Figure 14A-14B illustrate a fingerprint sensor structure according to various

embodiments.

16624] Figure 15 llustrates a system fingerprint sensor structure according to an

embodiment.
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DETAILED DESCRIPTION

16825] In the following description, for purposes of explanation, numerous specific details
are sct forth in order to provide a thorough understanding of the embodiments of the present
invention discussed herein. I will be evident, however, to one skilled in the art that these and
other emabodiments may be practiced without these specific details. In other instances, well-
known circuits, structures, and technigues are not shown in detail, but rather in a block diagram

in order to avoid unnecessarily obscuring an understanding of this description.

[6626] Reference in the description to “one embodiment” or “an embodiment” means that a
particular feature, structure, or characteristic described in connection with the embodiment is
included in at least one embodiroent of the tovention. The phrase “in one embodiment” located

in vartous places in this description does not necessarily refer to the same embodiment.

16627] For simplicity and clarity of illustration, reference numerals may be repeated among
the figures to indicate corresponding or analogous elements. Numerous details are set forth to
provide an understanding of the embodiments described herein. The examples may be practiced
without these details. In other instances, well-known methods, procedures, and components arc
not described in detail to avoid obscuring the examples described. The description is not {o be

cousidered as himited to the scope of the examples described herein.

Fingerprint Sensing and Imaging

[6628] Figure 1 illustrates an embodiment of a device 100 with a fingerprint-enabled

authentication systern. Device 100 may be a mobile communication device comprising a
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fingerprint sensor 101 which may enable user access to device applications. Surface 102 may be
a display or touchscreen. Other embodiments of devices or systems system with fingerpring-
enabled authentication systems may include an automotive console, an induostrial control pad, a

home security console, and an entry pad.

16629] In each such device or system, a fingerprint may be imaged using a fingerprint sensor
101, where tmaging a fingerprint may comprise detecting a fingerprint and generating a set of
data values, or “fingerprint data,” that represents the fingerprint in digital format. The fingerprint
data may then be stored in a memory location. A second fingerprint may subsequently be
imaged. The first set and second set of fingerprint data may be compared to determine if they
share fingerprint features. Upon determining the two sets of fingerprint data share a significant

number of features, the device may enable the user to access the device or systern.

16636] Figure 2 iHustrates a fingerprint sensor 200 in accordance with various embodiments.
The fingerprint sensor 200 includes a sensor surface 201. A portion of finger 210 comprising a
fingerprint, or “finger pad,” 220 may be disposed in direct contact with or in close proximity to
sensor surface 202. Fingerprint sensor 201 comprises an array of capacitive sensors 203 (not
shown). Sensor surface 202 may be disposed over array 203, which experiences changes in
capacitance in response to the contact or proximity of fingerprint features of finger 210.
Fingerprint sensor 201 may be coupled to processor or controller 206. Processor/coniroller 206
may be configured to receive voltage or current signals {rom capacitive sense elements 203
which correspond to measured capacitance on and/or between capacitive sense elements 203,
and to convert the voltage or current signals to fingerprint data, represented by visual

representation of a fingerprint 212,



WO 2017/083484 PCT/US2016/061270

(6631} Figure 3 illustrates a fingerprint sensor structure 300 in accordance with various
embodiments. The {ingerprint sensor structure 300 includes a lingerprint sensor 301, which
includes a sensor array comprising Tx electrodes 302 and Rx electrodes 303, and a sensor
surface 304. Fingerprint sensor structure 300 includes an overlay 306 and an intermediate layer
303, which may be glass to provide a sensor surface, or adhesive to attach overlay 306, or paint
for color matching. In other embodiments there ruay be more than one intermediate layer

between sensor surface 304 and overlay 306, or between overlay 306 and fingerprint pad 307.

16632] Figure 4 illustrates an embodiment of a capacitive sensor array 400 suitable for
detecting and imaging fingerprints. Capacitive sensor array 400 may include a number of
electrodes arranged in an array 402 of row electrodes 404 in a first axis and column electrodes
406 1n a second axis. Figure 4 illustrates cight row electrodes 404 and cight column electrodes
406, but there may be considerably more electrodes disposed along both axes. Depending on the
size of the array, there may be dozens or hundreds of electrodes for each row and column. The

exact size and pitch of the electrodes may depend on the system design requirements.

16633] A capacitive fingerprint sensor array includes capacitive sense elements that may
produce signals suitable for detecting, determining positions of, tracking, and/or imaging the
features of the fingerprint on or near a sensor surface. A capacitive sense clement may comprise
an elecirode, a discrete unit of electrodes, or an intersection of electrodes from which a
measurement or signal may be obtained that is separate and distinet {from measurements/signals
obtained from other sense elements in the capacitive sensor array. A unit cell refers to a discrete
arca of the capacitive sensor array in which every point within the unit cell is closer to one sense

element than to an adjacent sense element.
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[6034] Capacitive fingerprint sensors function by measuring the capacitance of a capacitive
sense element and detecting a change in capacitance indicating a presence or absence of
fingerprint features. Fingerprint features may include, but are not be limited to, valleys and
ridges forming arches, loops, and whorls. For example, when a fingerprint ridge comes into
contact with or 1s in close proximity to a sensc clement, the capacitance change caused by the
fingerprint ridge may be detected. The change in capacitance that may be measured in response
to a fingerprint feature is around .05 {F. The capacitance change of the sense elements may be
measured by electrical circuitry that converts the capacitances measured from the capacitive
sensc clements into digital values from which fingerprint data may be derived. As used herein,
"fingerprint data” refers to a set of data values that represent a fingerprint in digital format. In
some embodiments, fingerprint data may be a dataset that visnally represents the valleys and
ridges of a fingerprint with their arches, loops, and whorls. In other embodiments, fingerprint

data may digitally represent a fingerprint in a non-visual form.

[6635] A fingerprint sensor system as illustrated in Figure 4 may include certain features to
enable accurate imaging of a fingerprint. In an embodiment, the pitch of row electrodes and
column electrodes may be small enough such that multiple rows or columns may be disposed
within a valley or along a ridge of a fingerprint {eature when a finger is in contact with, or in
close proximity to, a fingerprint sensor surface. In some embodiments, the pitch may be selected
such that cach fingerprint featurc may be detected by a minimum number of capacitive sense
elements {e.g., at least three capacilive sense elements). In vartous embodiments, the pitch of the

capacitive sense elements may be less than 100 pm.

16636} The thickness of an overlay disposed over the sensor surface may atfect the change in

10
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measured capacitance of a capacitive sense element in response to a proximate fingerprint
feature. Overlays which enable accurate imaging of a fingerprint may typically be less than
150um in thickoess. A thicker overlay may reduce the change 1n measured capacitance of a
capacitive sense clement in response to a proximate fingerprint featare, which may obscure the

fingerprint details.

Anisotropic Conductive Material

16637] An overlay disposed on the sensor surface may typically be made of an isotropic
conductive material. In other words, the conductivity of the material is substantially the same in
all directions. In an embodiment, the overlay may be made of an anisotropic conductive material.
Anisotropic conductive material may be substantially more conductive in one direction, such as a
direction orthogonal to a fingerprint sensor surface, than 1o other directions. The effect of

anmisotropic conductive material on fingerprint sensing will be discussed further below.

[6638] Figures SA-5C illustrate one method of {abricating anisotropic conductive material by
fabricating conductive pathways, or “pillars,” in a material. Pillars may be fabricated by methods
including, but not limited to, drilling, piercing, or perforating a material, including laser-assisted
methods. The pillars may be arcas within the material that arc devoid of the material. The pillars
may be fully or partially filled with air, dielectric material, or a conductive material. Pillars may
be filled with material by methods including, but not limited to, pasting material in the pillars,
clectro-plating the pillars, or depositing micro-particles. The pillars may be fully or partially
filled. The pillars may be coated with a conductive material. The conductive material may

comprise copper or Indinm tin oxide.

11
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16639 Figure SA ilustrates a material 512 with pillars 511 that are fabricated completely
through material 512 {rom one surface of the material in one direction. Through-material pillars
may be preferable in some embodiments because they may provide uniform depth and
conductivity because the through-material piliars perfectly match the thickness of the material
they penetrate. As described further below, uniform depth and conductivity may improve
fingerprint sensing through the anisotropic conductive material. Material {abricated with
through-material pillars may be ground to reduce the material to a desired thickness. After
{abricating the pillars, one or both of the surfaces of material with though-material pillars may be
covered by a thin layer of a cover material to provide a surface to receive a fingerprint. The
cover malterial would be of controlled thickness across the surface of the anisotropic conductive
material. Fig. 5B tllustrates a material 522 with pillars 521 that are fabricated completely through
material 522, and with a cover matertal 523. Figure 5C illustrates a material 532 with pillars 531

that are {abricated completely through material 332, and with a cover material 533,

[6648] Figure 5B illustrates a material 522 with pillars 521 that are fabricated partly through
material 522, Pillars fabricated partially through a material may be called “blind pillars.” Blind
pillars may eliminate the need to attach an intermediate material to provide a surface to receive a
{ingerprint. Material fabricated with blind pillars may be ground to reduce the material to a

desired thickness.

166411 Pillars may be fabricated in different shapes. Figures SA-5C illustrate pillars 511,
521, and 531 formed in the shape of a cylinder. Figure 6A illustrates a material 610 with pillars
611 formed in the shape of a cone. Figure 6B illustrates a material 620 with pillars 621 formed in

the shape of a cyvlinder with plates 622 at each end. A cylinder with one or two plates 622 may

12
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have smaller capacitive coupling to neighboring pillars than cylinders, while providing large
areas al each surface for strong coupling to a fingerprint and a fingerprint sensor. In other

embodiments, the pillars may be formed in other shapes.

[6642] Figures TA and 7B iHustrate another method to fabricate anisotropic conductive
material by incorporating conductive elements in a material. Figure 7A illustrates a material 710
in which conductive elements 711 have been randomly incorporated. In an embodiment, the
embedded conductive particles may be less than 20uum in diameter. Figure 7B illustrates material
710 after an electric or magnetic {ield {orce 720 has been applied across material 710 during a
manufacturing step. Electric or magnetic field 720 may be applied in a direction substantially
orthogonal to material surface 740 and material surface 750. The direction of applied electric or
magnetic field 720 is indicated by the arrow. The electric or magnetic lield {orce may aligo
conductive elements 711 in the direction of the applied electric or magnetic field 720, thus
forming the equivalent of “pillars” 730 aligned in the direction of the applied electric or
magnetic field 720. Thus, material 710 will have increased conductivity in the alignment
direction of pillars 730. In a specific embodiment, the conductive clements are ferro-clectric
conductive particles and a magnetic field has been applied. In other embodiments, other
conductive elements 711 such as conductive filaments may be used. In other embodiments,
conductive elements 711 may be aligned to form the equivalent of pillars 730 by applying an
electric ficld across material 710 in a direction substantially orthogonal to material surface 740
and material surface 750. In still other embodiments, condactive elements 711 may be aligned to
form the equivalent of pillars 730 by applying pressure across material 710 1n a direction

substantially orthogonal to material surface 740 and material surface 750.

13
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[6043] Figures 8A-8B illustrate another method to {abricate anisotropic conductive material
by incorporating conductive elements in a malerial. Figure 8A illusirates a material 801 in which
conductive elements 802 have been fabricated in a material such that the conductive elements are
aligned from one surface to a second surface of the material and reach through the material in
one direction, forming “pillars.” Figure 8B illustrates a material 811 in which conductive
elements 812 have been fabricated in a material such that the conductive elements are aligned
from one surface of the material to a second surface of the material in one direction but do reach
through the material, forming “pillars.” Figore 8C illustrates a material 821 in which conductive
clements 822 have been fabricated in a material such that the conductive clements are aligned in
direction 832 from one surface of the material, and where the distance between the conductive
elements in direction 833 is smaller than the distance between the conductive elements in other
directions, forming “pillars.” Thus, material 801, 811, and 821 will have increased conductivity
in the alignment direction 833 of the pillars. The conductive clements of Figures 8A-8C may
comprise, but are not limited to, nano-wires, {lakes, microparticles, or bars. The conductive
elements illustrated in Figures 8A-8C may comprise conductive elements which are the same or

similar to those disclosed in Figures SA-5C, 6A-08B, and TA-7B.

(6044 Anisotropic conductive material may be [abricated with rigid materials including, but
not limited to, glass, ceramic, or plastic. Anisotropic conductive material may be fabricated with

non-rigid materials including, but not limited to, film or fabric.

Anisotropic Conductive Material and Fingerprint Sensing

16045] Figures QA and 9B illustrate the effect of pillars in anisotropic conductive material on

14
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the electric field density of a capacitive {ingerprint sensor which is imaging a fingerprint. Figure
9A ilustrates a mutual capacitance fingerprint sensor 900 comprising Tx electrode 911, Rx
electrodes 901, 902, and 903, sensor surface 904, and overlay material 905. In this example, a
sense element comprises the intersection of Tx electrode 911 and an Rx electrode 901, 902, or
903. Sense element 912 comprises the intersection of Tx clectrode 911 and Rx clectrode 902;
sense element 913 comprises the intersection of Tx electrode 911 and Rx electrode 901, In this
example, Rx electrodes 901, 902, and 903 correspond to column electrodes 404 in Figure 4, and
Tx electrode 911 corresponds to column electrodes 406 in Figure 4. Mutual capacitance
fingerprint sensor 900 measures the change in mutual capacitance of sense elements 912 or 913
in the presence of finger 909 on a surface 906 of overlay material 905. The magnitude of the
decrease in mutual capacitance measured by sense elements 912 and 913 is represented by the
number of field lines 907 which couple from Tx electrode 911 to finger 909 instead of coupling
to Rx clectrodes 901 and 902. In this example, the {ield lines are an abstraction of the strength of
capacitive coupling between sense elements 912 and 913 and linger 909, Figure 9A illustrates
that {ingerprint ridge 910 15 weakly coupled to sense elements 912 and 913 through material 903,
causing a slight decrease in measured mutual capacitance, as represented by the single field line

908 that is shunted away from sense elements 912 and 913 to ridge 910.

16846] Figure 9B illustrates a mutual capacitance {ingerprint sensor 950 comprising Tx
clectrode 963, Rx clectrodes 951, 952, and 953, sensor surface 954, and overlay material 955, In
this example, a sense element coraprises the intersection of Tx electrode 963 and an Rx electrode
051, 952, or 953. Sense element 964 comprises the intersection of Tx electrode 963 and Rx

electrode 952; sense element 964 comprises the intersection of Tx electrode 911 and Rx

15
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electrode 951, Overlay material 955 comprises pillars 959 and 960. The magnitude of the
decrease in routual capacitance measure by sense elements 964 and 965 1n the presence of finger
961 on a surface 956 of the overlay material is represented by the number of {ield lines 958
which couple from Tx elecirode 963 to finger 961 instead of coupling to Rx electrodes 964 and
965. Figure 9B illustrates that fingerprint ridge 962 is strongly coupled {o sense clements 964
and 9635 through pilar 959, causing a decrease in measured mutual capacitance, as represented
by the four field lines 958 that are coupled away from sense elements 964 and 965 to ridge 962
through pillar 959. In other words, pillar 959 acts as an electric field guide that increases the
capacitive coupling of fingerprint ridge 962 to the sense elements 964 and 965, and increases the
change in measured capacitance of sense elements 964 and 965. The increase in the magnitude of
the decrease in measured mutual capacitance using material 955 comprising pillars 959 and 960
compared to material 905 without pillars is represented by the increase in the number of field
lines 957 that are coupled away from sense clements 964 and 965 to fingerprint ridge 962. In the
examples of Figures 9A and 9B, the increase using material 955 with pillars 939 and 960 15
represenied by the four field lines 958 compared to the one field line 908 {or material 905
without pillars. It is to be understood that conductively anisotropic material may similarly be
used with self-capacitance fingerprint sensors where the increased capacitive coupling of the
pillar causes an increase in the measured change in capacitance by sense elements. It is also to be
understood that the alignment of pillars 959 and 960 to fingerprint ridges 962 and 966 is
exemplary only; pillars may or may not be aligned with fingerprint ridges and/or fingerprint

valleys.

[6647] Figures 10A and 10B illustrate another example of the effect of anisotropic

16
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conductive material on the imaging of a fingerprint by a fingerprint sensor. Figure 10A illustrates
a sell capacitance fingerprint sensor 1000 comprising electrode 1001, sensor surface 1004, and
overlay material 1005, In this example, sense element 1012 comprises electrode 1001, Self
capacitance fingerprint sensor 1000 measures the change in self capacitance of sense element
1012 in the presence of fingerprint feature 1006, corresponding to a fingerprint valley, and
fingerprint feature 1007, corresponding to a fingerprint ridge, on surface 1008 of overlay
material 1005. Fingerprint features 1006 and 1007 disperse as they capacitively couple through
overlay material 1005 to sense element 1012. The dispersion, or “blurring”, of fingerprint
features 1006 and 1007 through overlay material 1005 is represented by lines 1010, In this
example, lines 1010 are an abstraction of the dispersion of fingerprint featares 1006 and 1007
through overlay material 1005 to sense elements 1012, Figure 10A illustrates that dispersion of
fingerprint features 1006 and 1007 through overlay material 1005 may enable each fingerprint
feature 1006 and 1007 to capacitively couple to multiple sense elements 1012, and also may
enable sense element 1012 to capacitively couple to multiple fingerprint features 1006 and 1007,
Increasing the number of fingerprint features 1006 and 1007 that capacitively couple to a sense
element 1012, or increasing the number of sense elements 1012 that capacitively couple to each
of fingerprint features 1006 and 1007, reduces the accuracy of fingerprint imaging by sense

element 1012 and, therelore, by {ingerprint sensor 1000.

{6048} Figure 10B illustrates a self capacitance fingerprint sensor 1030 comprising electrode
1051, sensor surface 1054, and anisotropic conductive material 1055. The direction of increased
conductivity in anisotropic conductive material 1055 is represented by arrow 1059, In this

example, sense element 1062 comprises electrode 1051. Self capacitance {ingerprint sensor 1050

17
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measures the change in self capacitance of sense clement 1062 in the presence of fingerprint
features 1056 and 1057 on surface 1058 of anisotropic conductive material 1035, Fingerprint
features 1056 and 1057 may disperse as they capacitively couple through anisotropic conductive
material 1055 to sense element 1062. The dispersion of fingerprint features 1056 and 1057
through anisotropic conductive material 1055 is represented by lines 1060, Figure 10B illustrates
that dispersion of fingerprint features 1056 and 1057 through anisotropic conductive material
1055 is less than dispersion of dispersion of {ingerprint features 1006 and 1007 through overlay
material 1005 as illustrated in Figure 10A. The pillars (not shown) of anisotropic conductive
material 1055 may act like electric field guides that decrease the dispersion of the fingerprint
features as sensed by sense elerment 1062, Reducing the dispersion of fingerprind features 1056
and 1057 may enable each fingerprint feature 1056 and 1057 to capacitively couple to fewer
sense elements 1062, and may enable each sense element 1062 to capacitively couple to fewer
fingerprint features 1056 and 1057, thus increasing the accuracy of fingerprint imaging by
fingerprint sensor 1050. It is to be understood that conductively anisotropic raterial may
similarly be used with mutual capacitance fingerprint sensors where the reduced dispersion of
{ingerprint features may also enable each fingerprint feature to capacitively couple to fewer
sensc clements 1062, and may enable cach sense element to capacitively couple to fewer
fingerprint features, thus increasing the accuracy of fingerprint imaging by the mutual fingerprint

SCNSOT.

[6649] Figures 11A and 11B further illustrate an example of the effect of anisotropic
conductive material on the imaging of a finger by a {ingerprint sensor using self-capacitance. In

the graphs of Figure 11A and 11B, the y-axes represent the measured capacitance in femtofarads
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(fF). Position 0 on the x-axes represents a transition between a valley of an imaged fingerprint
and a ridge. The graphs illustrate the change in measured capacitance between a fingerprint
valley and a fingerprint ridge using overlay materials of varying thickness (100um - 550um)
which are in contact with both the fingerprint and the fingerprint sensor surface. Figure 11A
illustrates the change in measured capacitance using overly raterial withouot pillars. Line 1101
indicates the measured capacitance of an imaged fingerprint where the overlay material is 100um
thick. At x-axis position -2, corresponding to a valley, the measured capacitance on line 1101 is
approximately 0.6fF. At x-axis position 6, corresponding to a ridge, the measured capacitance of
fine 1101 1s approximately 1.7fF. Thus, the measured change in capacitance of line 1101 is
approximately 1.1{F. Line 1104 indicates the measured capacitance of an 1maged fingerprint
where the overlay material is 550pm. At x-axis position -2, corresponding to a valley, the
measured capacitance of line 1104 is approximately 0.35fF. Al x-axis position 6, corresponding
to a ridge, the measured capacitance of hine 1104 is approximately 0.40{F. Thus, the measured

change in capacitance of line 1104 is approximately 0.05{F.

[G658] Figure 11B illnstrates an example of the change in measured capacitance using
overlay material with pillars. Line 1151 indicates the measured capacitance of an imaged
fingerprint where the overlay material with pillars is 100um. At x-axis position -2, corresponding
to a valley, the measured capacitance of line 1151 is approximately 0.4{F. Al x-axis position 6,
corresponding to a ridge, the measured capacitance of line 1151 is approximately 1.7{F. Thus,
the measured change in capacitance of line 1151 is approximately 1.3{F. Line 1154 indicates the
measured capacitance of an imaged fingerprint where the overlay material with piliars 1s 350um.

At x-axis position -2, corresponding to a valley, the measured capacitance of Hine 1154 is
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approximately 0.6{F. At x-axis position 6, corresponding to a ridge, the measured capacitance of
line 1114 1s approximately 1.7{F. Thus, the measured change in capacifance is approximately

AR

(6651} As shown in Figures 11A and 11B, the measured change in capacilance using
conventional material {without pillars) decreases significantly as the overlay thickness increases.
The measured change in capacitance does not decrease as much using material with pillars as the
overlay thickness increases. In other words, the pillars act like an electric field guide that
increases the capacitive coupling of fingerprint features {o the sense elements, reducing the
decrease in the measured change in capacitance duoe to proximity of fingerprint features such as
ridges through a thick overlay. The use of an overlay with pillars thus substantially increases the
thickness of the overlay material through which the fingerprint sensor may accurately image a

fingerprint.

[6052] The accuracy of fingerprint imaging increases as the number of capacitive sensc
elements that may detect each fingerprint features increases. Increasing the density of pillars
relative to capacitive sense elements increases the number of sense elements that may couple to
each fingerprint feature strongly encugh to detect the fingerprint feature. Increasing the density
of pillars relative to capacitive sensc clements also decreases the effect of the alignment of pillars
to sense elements. Thus, increasing the density of pillars increases the accuracy of fingerprint
imaging through an overlay. Increasing the density of pillars also increases the thickness of an

overlay that may enable accurate imaging of a fingerprint.

[6653] Decreasing the density of pillars relative to capacitive sense elements increases the
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ctfect of the alignment of pillars to sense clements. In an embodiment where there is one pillar
for each capacitance sense element, alignment of each pillar to a sense element increases the
coupling of fingerprint features to cach sense element, thus increasing the accuracy of fingerprint
imaging. In a specific embodiment where there is one pillar for each capacitance sense element,
centering the pillars in cach unit cell provides the most effective conductive coupling and the

most accurate fingerprint imaging.

16034} In an embodiment where there is less than one pillar for each capacitance sense
element, accuracy of fingerprint imaging through an overlay is less than embodiments with one
or more pillars for each capacitance sense element. However, accuracy of fingerprint imaging
through an overlay with less than one pillar for each capacitance sense element is greater than

accuracy of fingerprint imaging through an overlay without pillars,

16855] In an embodiment, the pillars may be in direct physical contact with the sense
clements. In other embodiments, for case of fabrication, the pillars may not be in direct physical
contact with the sense elements. In an embodiment where pillars are in direct physical contact
with to the sense elements, accuracy of fingerprint imaging through an overlay is greater than
embodiments where pillars are not in direct physical contact with the sense elements. However,
accuracy of fingerprint imaging through an overlay where pillars are not in direct physical
contact with the sense elements is greater than accuracy of Hogerpriot imaging through an

overlay without pillars.

16656] Figures 12A-D illustrate embodiments where pillars are arranged symooetrically

around an axis in the direction of the pillars with a uniform deunsity of one pillar per mutual
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capacitance sense clement. Figures 12A-D illustrate four symmetric arrangements of pillars 1201
with a uniform density of one pillar per mutual capacitance sense element 1203, sense element

1203 comprising the intersection of Rx electrode 1202 and Tx electrode 1204.

(6657} Figures 12E-F illustrate embodiments where pillars are arranged symmetrically
around an axis in the direction of the pillars with a uniform density of two pillars per mutual
capacitance sense element. Figures 12E-F illustrate two symmetric arrangements of pillars with
a uniform density of two pillars 1201 per mutual capacitance sense element 1203, sense element

1203 comprising the intersection of Rx electrode 1202 and Tx electrode 1204.

[6038] Figures 12G-H illustrate embodiments where pillars are arranged symmetrically
around an axis in the direction of the pillars with a vniform density of one pillar per self
capacitance sense element. Figures 12G-H illustrate two symmetric arrangements of pillars 1201
with a uniform density of one pillar per self capacitance sense element 1205, sense element 1205

comprising electrode 1206.

16659] Figure 121 tllustrates an embodiment where pillars are arranged symmetrically around
an axis in the direction of the pillars with a uniform density of two pillars per self capacitance
sense element. Figure 121 illustrates a syrmmetric arrangement of pillars 1201 with a uniform
density of two pillars per self capacitance sense element 1205, sense element 1205 comprising

clectrode 1206.

15660] It is to be understood that anisotropic material may comprise pillars with a relative
density of more than two pillars per capacitive sense element for both mutual capacitance and

sclf capacitance.
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(6061 ] Figure 13 illustrate an embodiment where pillars 1301 are arranged randomly and
asymmetrically around an axis in the direction of the pillars with a uniform deunsity of one pillar
per mutual capacitance sense element 1302, An asymimetric arrangement of pillars may be
desirable for easc of fabrication. A random arrangement of pillars may also be desirable for ease
of fabrication. An asymmetric arrangement of pillars may be desirable in flexible material, to
aliow the material to flex yet still provide effective conductive coupling through the pillars.
When the pillars have an asymmetric arrangement, the fingerprint seusor may more accurately
image a fingerprint when the asymmetric pillars have a uniform distribution density. When the
pillars have an asymmetric arrangement, increasing the density of pillars relative to capacitive
sense elements increases the number of sense elements that may couple to each fingerprint
feature strongly enough to detect the fingerprint feature. Thus, increasing the density of

asymmetrically arranged pillars increases the accuracy of fingerprint imaging.

16662] It is 1o be understood that a sell capacitance fingerprint sensor may also more
accurately image a fingerprint when asyminetric pillars have a uniform distribution deusity per
self capacitance sense element, and that increasing the density of asymmetrically arranged

pillars increases the accuracy of fingerprint imaging using self capacitance sense elements.

15663] Figure 14A illustrates a fingerprint sensor structare 1400 comprising a nnstual
capacitance fingerprint sensor 1401 with Tx electrodes 1402 and Rx electrodes 1403,
intermediate material 1404, and overlay 1405. Intermediate material 1404 may be an adhesive or
color-maiching paint. Overlay 1405 coroprises pillars 1406. Tu this ernbodiment, pulars 1406 are

symmetrically arranged around an axis in the direction of the pillars, with a density of one pillar
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per mutual capacitance sense elements and pillars 1406 are aligned to the sense clements. It is to
be understood that overlay 1405 may be fabricated with pillars 1406 in other arrangements. In
the embodiment comprising an intermediate material 1404, it is to be understood that the
intermediate material must alow adequate coupling between the fingerprint and the sense
elements through the intermediate material and the overlay. In a specific embodiment,
intermediate material 1404 may also comprise pillars; in various embodiments, overlay 1405 and

intermediate material 1404 may be fabricated with the same or different arrangements of pillars.

[6064] Figure 14B illustrates a fingerprint sensor structure 1430 comprising a mutual
capacitance fingerprint sensor 1451 with Tx electrodes 1452 and Rx electrodes 1453. Overlay
1454 comprises pillars 1455, In this embodiment, the pillars are randomly and asymmetrically
arranged around an axis in the direction of the pillars, with a density of one pillar per mutual
capacitance sense elements and the pillars 1455 are not aligned to the sense elements, Rx

electrodes 1453, This embodiment does not include an intermediate material.

16865] Referring back to Figure 5B, a fingerprint sensor structure may comprise an overlay
comprising material 522, pillars 521, and cover layer 523. In the embodiment comprising an
cover layer 523, it is to be understood that the cover layer 523 must allow adequate coupling
between the {ingerprint and the sense elements through cover layer 523 and material 522. Ina
specific embodiment, cover layer 523 may also comprise pillars; in various embodiments,
material 522 and cover layer 523 may be fabricated with the same or different arrangements of

pitlars.

16866] A fingerprint sensor overlay comprising anisotropic conductive material as described
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in reference to Figures 12A — 14B may be fabricated with rigid materials inclhuding, but not
limited to, glass, ceramic, or plastic, or may be fabricated with flexible malterials including, but
not limited to, filim or {abric. A fingerprint seusor overlay comprising anisotropic conductive
material as described above may be fabricated such that a surface may be able to conform to the
curvature of a finger; in a specific embodiment the surface is not deformed by the fingerprint
ridge/valley structure. A {ingerprint sensor overlay comprising anisotropic conductive material
that is flexible and/or has a surface that 1s conformable may be desirable for ease of fabrication
or ease of use. Figure 15 illustrates a fingerprint structure 1500 comprising a mutual capacitance
fingerprint sensor 1501 with Tx electrodes 1502 and Rx electrodes 1503, In this emnbodiment,
overlay 1504 comprises flexible material with pillars 1503 arranged randomly and
asymmetrically around an axis in the direction of the pillars with a density of one pillar per
mutual capacitance sense elements. In another embodiment, the overlay may comprise a layer
which is rigid and a cover layer which is flexible and/or has a surface which may be

conformable.

16667] It is 1o be undersiood that these embodiments are exemplary only. Other
cmbodiments may include self-capacitance sense elements, more than once intermediate layer,
more than one layer of anisotropic conductive material comprising pillars, and material with a

conformable surface.

[0068] In the above description, numerous details are set forth. It will be apparent, however,
to one of ordinary skill in the art having the benefit of this disclosure, that embodiments of the

present invention may be practiced without these specific details. In some 1ustances, well-known
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structures and devices are shown in block diagram form, rather than in detail, in order to avoid

obscuring the description.

16069 Some portions of the detatled description are presented in terms of algorithms and
symbolic representations of operations on data bits within a computer moemory. These
algorithmic descriptions and representations are the means used by those skilled in the data
processing arts to most effectively convey the substance of their work to others skilled in the art.
An algorithm 1s here and generally, conceived to be a sclf-consistent sequence of steps leading to
a desired result. The steps are those requiring physical manipuolations of physical quantities.
Usually, though not necessarily, these quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared and otherwise manipulated. It has
proven convenient at times, principally for reasons of common usage, to refer to these signals as

bits, values, elements, symbols, characters, terros, numbers or the like.

(66781 It should be borne in mind, however, that all of these and similar terms are to be
associated with the appropriate physical quantities and are merely convenient labels applied to
these quantities. Unless specifically stated otherwise as apparent from the above discussion, it is

appreciated that throughout the description, discussions utilizing terms such as “integrating,”

LTS 99 <5 53 <o 5

39 X

“comparing,” “balancing,” “measuring,” “performing,” “accomulating.” “controlling,’

57 &6 »9

“converting,” “accomulating,” “sampling,” “storing,” “coupling,” “varying.” “buffering,”
“applying,” or the like, refer to the actions and processes of a computing system, or similar
electronic computing device, that manipulates and transforms data represented as physical (e.g..

clectronic) quantities within the computing system's registers and memories into other data

simnilarly represented as physical quantities within the computling system memeories or registers
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or other such information storage, transmission or display devices.

16671} The words “example” or “exemplary” are used herein to mean serving as an example,
instance or illustration. Any aspect or design described herein as “example’ or “exemplary” is
not necessarily to be construed as preferred or advantageous over other aspects or designs.
Rather, use of the words “example” or “exemplary” 1s intended to present concepts in a concrete
fashion. As used in this application, the term “or” is intended to mean an inclusive “or’” rather
than an exclusive “or.” That is, unless specified otherwise, or clear from context, “X includes A
or B” 15 intended to mean any of the natural inclasive permutations. That s, il Xincludes A; X
inchades B; or X includes both A and B, then “X includes A or B” 13 satisfied under any of the
foregoing instances. In addition, the articles “a” and “an” as used in this application and the
appended claims should generally be construed to mean “one or more” unless specified
otherwise or clear from context to be directed to a singular form. Moreover, use of the term “an
embodiment” or “one embodiment” or “an implementation” or “one implementation” throughout

is not intended to mean the same embodiment or implementation unless described as such.

166721 imbodiments described herein may also relate to an apparatus for performing the
operations herein. This apparatus may be specially constructed for the required purposes, or it
may comprise a general-purpose computer selectively activated or reconfigured by a computer
program stored in the computer. Such a computer program may be stored in a non-transitory
computer-readable storage medium, such as, but not limited to, any type of disk including floppy
disks, optical disks, CD-ROMs and magnetic-optical disks, read-only memories (ROMs),
random access memories (RAMs), EPROMs, EEPROMs, magnetic or optical cards, flash

memory, or any type of media suitable {or storing electronic instructions. The term “compuler-
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readable storage medium” should be taken to include a single medivm or multiple media {e.g., a
centralized or distributed database and/or associated caches and servers) that store one or more
sets of instructions. The term “computer-readable mediam™ shall also be taken to inclode any
medium that is capable of storing, encoding or carrying a set of instructions for execution by the
machine and that causes the machine to perform any one or more of the methodologies of the
present embodiments. The term “computer-readable storage ruedinm” shall accordingly be taken
to include, but not be lumited to, solid-state memories, optical media, magnetic media, any
medium that is capable of storing a set of instructions for execution by the machine and that
causes the machine to perform any one or more of the methodologics of the present

embodiments.

[6073] The algorithms and circuits presented herein are not inherently related to any
particular computer or other apparatus. Various general-purpose systems may be ased with
programs in accordance with the teachings herein, or it may prove convenient to construct a
more specialized apparatus to perform the required method steps. The required structure for a
variety of these systems will appear from the description below. In addition, the present
embodiments are not described with reference to any particular programming language. It will
be appreciated that a variety of programming languages may be used to implement the teachings

of the embodiments as described herein.

16674} The above description sets forth numerous specific details such as examples of
specific systems, components, methods and so forth, in order to provide a good understanding of
several ernbodiments of the present invention. It will be apparent to one skilled in the art,

however, that at least some embodiments of the present invention may be practiced without these
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specific details. In other instances, well-known components or methods are not described in
detail or are presented in simuple block diagram {ormat 1o order to aveid unnecessarily obscuring
the present invention. Thus, the specific details set forth above are merely exemplary. Particular
implementations may vary {rom these exemplary details and still be contemplated to be within

the scope of the present invention.

(6675 it is to be understood that the above description is intended to be illustrative and not
restrictive. Many other embodiments will be apparent to those of skill in the art upon reading
and understanding the above description. The scope of the invention should, therefore, be
determined with reference to the appended claims, along with the {ull scope of equivalents to

which such claims are entitled.
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CLAIMS

What is claimed is:

1. An apparatas comprising:

a fingerprint sensor comprising a plurality of capacitive sense elements disposed adjacent
to a sensor surface, wherein the plurality of capacitive sense clements are configured to measure
changes in capacitance corresponding to fingerprint features; and

an overlay, comprising:

a first overlay surface disposed adjacent to the sensor surface; and
a first conductivity in a {irst direction between the first overlay surface and a
second overlay surface wherein the first conductivity is greater than a second
conductivity in at least one other direction;
wherein the overlay is configured to:
receive a fingerprint in direct contact with or in close proximity to the second
overlay surface; and
increase a capacitive coupling of fingerprint features to the plurality of
capacitive sense elements such that the plurality of capacitive sense elements

measure changes in capacitance corresponding to fingerprint features.

2. The apparatus of claim 1, wherein the overlay 1s flexible.

3. The apparatus of claim 1, wherein the second overlay surface is configured to conform to the

curvature of a finger.
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4. The apparatus of claim 1, wherein the first conductivily 1s substantially constant.

5. 'The apparatus of claim 1, wherein the overlay comprises conductive pillars comprising
conductive elements disposed in a material wherein the conductive pillars are aligned in the first

divection.

6. The apparatus of claim 3, wherein the conductive piliars are disposed in the material

symmetrically around an axis in the first direction.

7. The apparatus of claim 5, wherein the conductive pillars are disposed in the material

asymmetrically around an axis in the first direction.

3. The apparatus of claim 7, wherein the conductive pillars are turther disposed randomly in the

material.

9. The apparatus of claim 1, further comprising a processor configured to receive measurements
of changes in capacitance corresponding to fingerprint features and, based on measurements of
changes in capacitance, generate a set of data values that represents the fingerprint in digital

format.
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10. A method, comprising:
disposing an overlay material over a sensor wherein:
the sensor comprises a plurality of capacitive sense elements disposed adjacent to
a sensor surface, wherein the plurality of capacitive sense elements are configured to
detect changes in capacitance corresponding to a presence of an object;
the overlay material has a first conductivity in a {irst direction between a {irst
overlay surface and a second overlay surface wherein the first conductivity is greater
than a second conductivity in at least one other direction, and
the first overlay surface is adjacent to the sensor surface and the second overlay
surface is disposed to receive the object in direct contact with or in close proximity to
the second overlay surface, such that the first conductivity increases a capacitive
coupling of the object to the plurality of capacitive sense elements; and
detecting, by the capacitive sense elements through the overlay material, changes in
capacitance corresponding to the presence of the object in direct contact with or in close
proximity to the second overlay surface;
coupling the sense elements to a capacitance measurement circuit;
receiving, by the capacitance measurcment circuit, a plurality of voltage or current
sigoals from the capacitive sense elements corresponding to changes in capacitance; and
generating, based on the plurality of voltage or current signals, a set of data valaes that

represents the object in digital format.
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11. The method of claim 10, wherein the overlay material is flexible.

12. The method of claim 10, wherein the second overlay surface is configured to conform to the

curvature of the object.

13. The method of claim 10, wherein the first conductivity 1s substantially constant.

14. A fingerprint sensor-compatible overlay comprising conductive elements disposed ina

material such that the conductive elements are aligned in a first direction from a first surface of

the material to a second surface of the material, wherein a {irst conductivily 1o the lrst direction

is greater than a second conductivity in at least one other direction.

15. The overlay of claim 14, wherein the first conductivity s substantially constant.

16. The overlay of claim 14, wherein the material 1s {lexible.

17. The overlay of claim 14, further comprising a second portion of material disposed over the

first surface.

18. The overlay of claim 17, wherein the second portion of material comprises conductive
elements disposed in the second portion such that the conductive clements are aligned in the first
direction, and wherein the second portion has a third conductivity in the {irst direction greater

than a fourth conductivity in at least one other direction.
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19. A method of forming a fingerprint sensor-compatible overlay material, comprising:
disposing a plurality of conductive elements in a material such that the conductive
clements are aligned in a first direction from a first surface of the material to a second surface of

the material, wherein a first conductivity in the first divection is greater than a second

conductivity in at least one other direction,

268. The method of claim 19, further comprising aligning the conductive elements in the first

direction by applying an electric or magnetic field across the material in the first direction.

21. The method of claim 19, wherein the {irst conductivity is substantially constant.

22. The method of claim 19, wherein the material 1s flexible.
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