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DESIGN OF SWITCHES FOR MECHANICAL FINGERPRINT SENSING

The present invention is concerned with a fingerprint sensor and a
method of identity verification using a sensed fingerprint pattern. Embodiments of
the present invention are particularly concerned with an array of switches defining
a digitiser including a matrix or array of individual sensing cells for sensing the
presence or absence of an epidermal fingerprint ridge and thereby sensing
fingerprint patterns.

Embodiments of the present invention are concerned with improvements
to fingerprint sensors of the type described in EP 459,808, EP 699,325, GB

12,243,235, WO 98/11499 and Now 98/11500.

Both WO 98/11500 and WO 98/11499, for example, describe digitisers
defined by a matrix of sensing cells where each sensing cell is defined by a
switch which can be closed in response to the presence of a fingerprint epidermal
ridge. A problem with the prior art systems is the possibility that current can
sneak between adjacent sensing cells. This can distort the sensor output and

restricts how close adjacent sensing cells can be.

The present invention in a first aspect provides a fingerprint sensor as set

out in claim 1.

The present invention in a second aspect provides a fingerprint sensor as
set out in claim 12. "

The present invention in a third aspect provides a fingerprint sensor as set
out in claim 14.

The present invention in a fourth aspect provides a method of verifying
the identity of a person as set out in claim 18,

Preferred features of the invention in its various aspects are defined in the
dependent claims.
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Embodiments of the invention will now be described, by way of example
only, with reference to the attached figures (which are not to scale), in which:

Figures 1 and 2 are cross-sectional views through fingerprint sensors
embodying the present invention;

Figures 3 and 4 illustrate the sensing (ie upper) surface of the sensors of
figures 1 and 2;

Figure 5 is an enlarged view of the contact pad of figure 3 illustrating the
resistance of the current paths between the contact pad and its respective
second conductor,

Figure 6 is an enlarged view of an alternative contact pad construction to
that of figure 5;

Figures 7 and 8 illustrate cross-sectional views through alternative

fingerprint sensors embodying the present invention;

Figures 9 and 10 illustrate the sensing (i.e. upper) surface of an

alternative sensor construction;

Figures 11a and 11b illustrates the relative resistance of the different
current paths available from the contact pads of figures 7 to 10;

Figures 12 and 13 illustrate alternative contact pads suitable for the
sensor construction of figures 7 to 10; and

Figure 14 illustrates a comparison method embodying the present

invention.

As discussed‘above, the present invention is concerned with digitisers
comprising a matrix of individually actuable sensing cells 1. The cells are defined
by the cross-over points of two sets of parallél conductors 2,3. A second set of
parallel conductors 3 overlies and is separated from a first set of parallel
conductors 2.
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In order to create a switch at each cross-over point, a conductive via 4
through the insulating material 5 separating the two sets of conductors 2,3
connects a lower conductor 2 with a contact pad 6 in the same plane as the
second conductor 3 (or-alternatively in an arrangement not illustrated, a second
contact pad itself connected to the second conductor). One set of conductors
defines input or drive buses and the other set of conductors defines output or
sensing buses.

The present invention is essentially only concerned with the shape of the
contact pads, and how this relates to the conductor with which it is connected
when the respective switch is closed. The construction of digitisers embodying
the present invention is in all other aspects identical to one or other of the
constructions described in EP 459, 808, EP 699,325, GB 2, 43,235, WO
98/11499 and/or WO 98/11500. For efficiency of the process, the applicant
therefore expressly incorporates the disclosure of these documents in this
application and confirms that the described digitisers or fingerprint sensors are or
may be constructed in one or other of the manners described in all of these
publications.

As described in, for example, WO 98/11499 and/or 98/11500, each
sensing cell 1 comprises a second conductor 3 overlying and separated from a
first conductor 2 with the first conductor being connected to a contact pad 6. A
resiliently deformable membrane 7 including a continuously conductive film 8 of
the type described in WO 98/11499 overlies the switch contacts defined by the
contact pads 6 and second conductors 2. Downward pressure on the conductive
membrane 7 caused by, for example, pressure from an epidermal fingerprint A
ridge causes the film 8 to contact the second conductor 3 and contact pad 6 at a
respective cell and thereby allows current to flow between the first and second
conductors 2,3 (one of which defines an input bus and the other an output bus).

In the fingerprint sensor (or digitiser) of Figures 3 and 4, the contact pad 6
is a rectangular pad within the second conductor but separated therefrom by
track or groove 9 of insulating material. The contact pad arrangement is simple to
make as it is simply a question of a different metal or conductor pattern on the
devices surface. The pattern is controlled in the known manner as described in,
for example, EP 459,808, EP 699,325, GB 2243325, WO 98/11499 and/or WO
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98/11500. The inventor has appreciated that this results in a lower likelihood of
sneak currents when one, for example, uses a continuously conductive
membrane of the type described in WO 98/11499 to form the contact bridge for
the array of switches making up the digitiser.

The resistance of a continuously conductive membrane of the type
described in WO 98/11499 is defined as ohms per square . Referring to Figure 4,
the use of a contact pad 6 entirely surrounded by the second conductor 3 forming
the other switch contact means that the effective resistance of the continuously
conductive film 8 between the contact pad 6 and its respective conductor 3 can
be made significantly lower than that between the contact pad and adjacent
contact pads and/or conductors of adjacent sensing cells. For the example, in the
configuration of Figure 5, there are forty-six squares 10 in the track or groove 9.
For a continuously conductive film having a sheet resistance of R ohms per
square, the resistance between the contact pad 6 and its respective second
conductor 3 would be R/46 ohms per square as each square can be considered
to be a resistance in parallel to the other squares.

Referring to figure 6, in an alternative configuration, the contact pad 6 is a
circular or oval pad within the second conductor but separated therefrom by a
track or groove 9 of insulating material.

In the prior art digitisers of, for example, WO 98/11499 and/or 98/11500 ,
the contact pads are rectangular. In the fingerprint sensors of Figures 7 to 13,
the contact pad 6 is substantially triangular. The inventor has appreciated that
this results in a lower likelihood of sneak currents when using a continuously
conductive membrane of the type described in WO 98/1 1499 to fohn the contact
bridge for the array of switches making up the digitiser.

The resistance of a continuously conductive membrane of the type
described in WO 98/11499 is defined as ohms per square . Referring to Figures

~11a and 11b, the use of a triangular contact pad 6 means that the effective

resistance of the continuously conductive membrane between the contact pad
and its respective conductor can be made significantly lower than that between
the contact pad and adjacent contact pads and/or just conductors of adjacent
sensing cells. For the example, in the configuration of Figure 11a there are six
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squares 9 in parallel between the contact pad and the second conductor, six
squares in series between the contact pad and adjacent contact pads, and four
squares in series between the contact pad and the sensor conductor of all
adjacent sensing cell. As shown in Figure 11b this means that for a continuously
conductive membrane having a resistance of R ohms per square, the resistance
between the contact pad and its second conductor is significantly lower that that
between the contact pad and other elements. This reduces the likelihood of
sneak currents and allows one fo eliminate or reduce the effect of any sneak
currents by setting appropriate measurements thresholds in the circuitry which
monitors the status of the sensing cells.

Referring to figures 12 and 13, in two further alternative constructions the
contact pad is shaped either like a triangle (see figure 12) or like a squashed
diamond (see figure 13) and is separated by a constant width gap from a
respective second conductor having an indentation matching a side of the contact
pad. As will all the embodiments described abobe, this arrangement results in a
longer thinner gap between the contact pad and the respective seconf conductor
and therefore results in a lower resistance because of the resistance of the
connecting portion of the overlying membrane or bridge member being lower than
that for a shorter fatter gap. o

Referring to Figure 14, a fingerprint reader is coupled to a data processor
including a comparator for a comparing fingerprint pattern sensed by the print
reader with a fingerprint pattern stored in a memory. When the sensed and stored
patterns match, the comparator generates an acceptance signal indicating that .
the sensed pattern matches the stored pattern. The accéptance signal may, for
example, be used to authorise a financial transaction or open a door by releasing
a lock.

The print reader may be of any of the known types of print reader. For
example, the print reader or sensor may be as described in EP 459,808 or EP
1,021,785

The print reader generates a bit map or digital signal train representing an
image of the sensed fingerprint. The memory includes a stored bit or digital signal
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train representation, or image of a fingerprint pattern corresponding to, for

example, an authorised person or user.

The comparator directly compares the bit map produced by the print
reader or sensor with the bit map stored in the memory.
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CLAIMS

1. A fingerprint sensor comprising an array of switches including a switch
comprising first and second contact portions separated by a gap, and a bridge
member for connecting the first and second portions across the gap, wherein the
length of the gap in the direction substantially parallel to the adjacent edges of
the first and second contact portions is greater than the width of the gap between
the first and second contact portions.

2. A fingerprint sensor according to claim 1 wherein the bridge member is formed
by a portion of a substantially continuously conductive film.

3. A fingerprint sensor according to any preceding claim, the array of
switches being defined by the cross-over points of a plurality of parallel first
conductors and a plurality of parallel second conductors overlying the first
conductors, and switch means being associated with each cross-over point, each
switch means including a first contact portion connected to one of the first
conductors and a second contact portion connected to one of the second
conductors wherein the first and second contact portions of each switch are
separated from one another, and the array further including an overlying
resiliently deformable surface layer providing, for each switch, a contact bridge
for connecting the contract portions of the switch means in response to an

applied pressure on the surface layer.

4. An fingerprint sensor aécording to claim 3 wherein a switch includes a first
contact pad defined by said first contact portion and being electrically connected
to one of said first conductors.

5. A fingerprint sensor according to any of claims 3 or 4 including an
insulating layer overlying the first conductors, and having respective first vias for
each first contact pad.

6. A fingerprint sensor according to claim 5 wherein the first and second
conductors are formed on opposite sides of an insulating support, the first contact
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portions are on the same side of the support as the second conductors and each
first contact portion is connected to its respective first conductor by a conductive
via passing through the insulating support.

5 7. A fingerprint sensor according to any of claims 3 to 6 wherein the
membrane has a continuously conductive film.

8. A fingerprint sensor according to any preceding claim wherein the first contact
portion is surrounded by the second contact portion.

9. A fingerprint sensor according to any preceding claim including, a switch

10  comprising first and second contact portions separated by a gap, and a bridge
member for connecting the first and second portions across the gap, wherein the
first contact portion has a first edge facing the second contact portion, and at
least one other edge facing a contact portion of at least one adjacent switch, and
wherein the area of the gap between the first edge and the second contact

15  portion comprises less squares than the area of the space between the at least
one other edge and the contact element of the at least one adjacent switch.

10. A fingerprint sensor according to claim 9 wherein the first contact portion
is substantially triangular

20
11.  Afingerprint sensor according to claims 3 and 10 wherein the plurality of
parallel first conductors are substantially orthogonal to the plurality of second
conductors, and the said first edge of the first contact portion is substantially
parallel to the second conductors.

25  12. Afingerprint sensor comprising an array'of switches including, a switch
comprising first and second contact portions separated by a gap, and a bridge
member for connecting the first and second portions across the gap, wherein the
first contact portion is surrounded by the second contact portion. |

13. A fingerprint sensor according to claim 12, the array being defined by the
30 cross-over points of a plurality of parallel first conductors and a plurality of paraliel
second conductors overlying the first conductors, and switch means being

associated with each cross-over point, each switch means including a first
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contact portion connected to one of the first conductors and a second contact
portion connected to one of the second conductors wherein the first and second
contact portions of each switch are separated from one another, and the array
further including an overlying resiliently deformable surface layer providing, for
each switch, a contact bridge for connecting the contract portions of the switch
means in response o an applied pressure on the surface layer.

14. A fingerprint sensor comprising an array of switches including, a switch
comprising first and second contact portions separated by a gap, and a bridge
member for connecting the first and second portions across the gap, wherein the
first contact portion has a first edge facing the second contact portion, and at
least one other edge facing a contact portion of at least one adjacent switch, and
wherein the area of the gap between the first edge and the second contact
portion comprises less squares than the area of the space between the at least
one other edge and the contact element of the at least one adjacent switch.

15.  An array of switches according to claim 14 wherein the first contact
portion is substantially triangular

16. A method for verifying the identity of a person including steps of:
sensing a fingerprint pattern; A
producing a digital representation of the sensed fingerprint pattern;
comparing the digital representation of the sensed fingerprint pattern
to a stored digital representation of a stored fingerprint pattern; and

generating a signal when the stored and sensed fingerprint patterns;

“wherein the comparison is made using complete digital representations of the

sensed and stored fingerprint patterns.

17. Method according to claim 16, wherein the digital representations are
bitmaps of the sensed and stored fingerprint patterns.
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