WO 01/ 11543 PCT/ SGOQ' 00114 1 Fingerprint Sensing Apparatus The invention

rel ates %Jli/lri] rprint sensing apparatus, and especially, pg@lsicdodsids €
fingerpri senhsing apparatus. Solid state fingerprint sensors are produced

on a single sem conductor chip (or di e)I and conprise an array of sensing
el ements, such as capacitive sensors or electric field sensors, fornmed in
.a two dinensional array on the surface of the die. However, this
fabrication technique has the di sadvantage that the die nust have a
surface area which is at | eKingemnpsintSensingApRaratys i ngerprint sensing
area. As, the fingerprint sensing area nust be |arge enough to accommodate
t he fi ngeTme inventioh relatesta finderpfintsensing apparabiss, mndaespeciallyt solichsiade | y be
at least 10mm x 10mm |If the fingerprint sensing area is rmuch smaller than

this thenﬁﬁdy?pﬁmegerygiﬂ,ga paiadgs, small to permit the fingerprint of a user
to be captured. Preferably, the fingerprint sensing area should be a

| arger size. This creates a problemw th die fabrication as the larger the
die is the higher the probability that the die will have an error or

fault. Thgrefo as 1 i | Z InGrea t.he probabilit f. having a
e in a B Alelp FROsiTEY Pofsdare ARGLERTSR annde BB RMS Yty 8B per ab o
dies froma batch decreases. Faor this reason, the larger a fingerprint
sensor i sdie) BB RAMPISEAN 3rra¥ of sepging RlemeBts, sUER 28 CapACHIVESENSOrs P ven not
only by the increase size, and therefore the increase in material in the
die, but elestictfialdiseneersy farmed inaniwo dimensional array on the surface of the die.

However, this fabrication technique has the disadvantage that the die must have a
surface area which is at least the same size as the fingerprint sensing area. As,
the fingerprint sensing area must be large enough to accommodate the fingerprint
of a user, the fingerprint sensing area must generally be at least 10mm x 10mm.

If the fingerprint sensing area is much smaller than this then the area will be too
small to permit the fingerprint of a user to be captured. Preferably, the fingerprint

sensing area should be a larger size.

This creates a problem with die fabrication as the larger the die is the higher the
probability that the die will have an error or fault. Therefore, as the die size
increases, the probability of having a die in a batch with an error increases and
therefore the yield of operable dies from a batch decreases. For this reason, the
larger a fingerprint sensor is, the more expensive it is and the increase in cost is
driven not only by the increase size, and therefore the increase in material in the

die, but also the lower yield from a batch.



WO 01/11543 PCT1SCG001 00114 2 In addition, the requirenent for |arger dies
al so reduces the efficiency with which the silicon wafer surface area can
be utilisewOoay115¢5s dies can be fitted on the surface of tRCE/SG0EBPII4ThHi s

al so has the di sadvantage of increasing the cost of solid state

fingerprint sensors. US Patent Nos. 5,902 627 and 5,778,089 attenpt to
overcone these problens by providing a nunber of dies in a single packaged
device. In accordance with a first aspect of the present invention, )

f i nger pri nin sediGoNtheaagakéinent foriarges diestalse Mddiices the aFiciensy witRivimakluct or
devi ces, each packaged sem conductor device conprising a single

fi ngerpri Mne SR waiaeggtugrr%eg aréh %aﬁ%@eoﬁén%ba%saseés gfe;%ksqrﬁ% Ted Unfage: -and

t he packaged sem con evi ces I Nng arrange € sensi ng
array surfaces of the di es.define. a pparat u sensing surface. . A

Rdvant age Saagof fgdxdtel ThE aRG naddnB R Rltas ot IRedati e s e us i s
formed froma nunber of packaged sem conductor devices, each device

conpri si ngSalistate EngerpgBt $8NFASsensor die, the sensing area of the :
fingerprint sensing apparatus is not restricted to the surface area of one

die on which a fingerprint sensor array is forned as the size of the
appar atus sensing surface can be increased or decreased by using an

appr opri at gSRatent Nos. 5]907¢627 and 55276,089 atteatpt td beercbaiethesepgoblems b
sensor dies with a relatively small sensing array surface can be used to

form a fingpjvdihgla MfABENSr BEM lsifgl¥iphbkagdLuelicye! v 1 arge

In accordance with a first aspect of the present invention, fingerprint sensing
apparatus comprises a number of packaged semiconductor devices, each
packaged semiconductor device comprising a single fingerprint sensor die, each
die comprising a sensing array surface, and the packaged semiconductor devices
being arranged so that the sensing array surfaces of the dies define an apparatus

sensing surface.

An advantage of the invention is that as the fingerprint sensing apparatus is
formed from a number of packaged semiconductor devices, each device
comprising a single fingerprint sensor die, the sensing area of the fingerprint
sensing apparatus is not restricted to the surface area of one die on which a
fingerprint sensor array is formed as the size of the apparatus sensing surface can
be increased or decreased by using an appropriate number of fingerprint sensor
dies. Therefore, fingerprint sensor dies with a rélatively small sensing array

~ surface can be used to form a fingerprint sensing apparatus with a relatively large

apparatus sensing surface. In addition, the fingerprint sensing apparatus of the



apparatus sensing surface. In addition, the fingerprint sensing apparatus
of the 01/ 11543 PCT/ SGOQO 00114. 3 invention also has t e t hat
the si z\e/\gcﬁmflﬁé‘ﬂ‘ar ea of the apparatus sensing surface ca%%b%gﬂélﬁgured
relatively easily by increasing or decrﬁasi ng the nunber of sem conductor
devices. Typically, the apparatus sensithg surface is substantially planar.
In one exanple of the invention, the sensing array surfaces nay be arranged
in a one dinmensional array. This arrangenment is.particularly useful where
t he | engtihveritiont dlso sasthedyantagesthat theesize of Hhwh arsacof therapparatusl y | ar ge
conpared with the wwdth. Alternatively, the sem conductor devices nmay be

arranged semsintpéuiface 68mbe Wnﬁ?ufayretatrvfeﬁpeasirmynneréaym@bﬁaéem@mg thier ay.
This arrangenent is particularly useful where the width and | ength of the

sensi ng ﬂdrﬁ%e?b'rg{&ﬁﬁénﬁﬁ&oi; eficekm lar size. Preferably, each sensing
r

array surface 1s less than 15mm x 15mm and nore preferably, |ess than 10mm
x 10mm Typically, the fingerprint sensing apparatus nmay further conprise a
ground contact | ocated between the sensing array surfaces of two adjacent
sem conduct or . devices. Preferably, theéﬁground cq&g@ct may be | ocated

bet ween ehYHCHY the APPARYS saRsAg Surfage iy suhstaphallyplanan. n” one exanpl e of
the invention, the ground contact may be in the formof a grid WO 01/11543
PCT/ SG08/ 00114

In one example of the invention, the sensing array surfaces may be arranged in a
one dimensional array. This arrangement is particularly useful where the length of

the sensing array surface of each die is relatively large compared with the width.

Alternatively, the semiconductor devices may be arranged so that the sensing
array surfaces form a two dimensional array. This arrangement is particularly
useful where the width and length of the sensing array surfaces are of a similar

size.

Preferably, each sensing array surface is less than 15mm x 15mm and more

preferably, less than 10mm x 10mm.

Typically, the fingerprint sensing apparatus may further comprise a ground contact
located between the sensing array surfaces of two adjacent semiconductor
devices. Preferably, the ground contact may be located between each pair of

adjacent sensing array surfaces.

In one example of the invention, the ground contact may be in the form of a grid



4 with a conducting surface which is rai sed above the surface of the
sensing array surfaces. This has the advantage that when a user places a
finger onwoloa/118ppar at us sensing surface, the risk of the ?q:ﬁﬁﬁ?%‘ﬁ‘i"rﬁ
touching a sensing surface before touching the grid is mnimsed so that
any static charge on the user is disch#& ged through the ground contact and
not onto one of the sensing array surfaces. This has the advantage of

mnimsing the possibility of a user carrying a static charge damagi ng t he

appar at us i\ esndictingséiface Whithligragised abovetite surfac®otthef sérising amaiyng
array surfaces. In accordance with a second aspect of the present

| nvent i one |HBLE irhisaW {rileauvhntdss iR vitlerF SUSEE HiRidbS® fhgerpanar i nt | mage, -

t he net hoguconpﬂ si ng taining a~ number o I ngerprint "I mage portions

froma finger_ qf a_user | Lt I ol dance
w th the ARParays getmgr AL, MOCHRK B e AndsiidduaRBd e etmnd sdifag OTCS
froma correspondi ng sem conduct or, devi cal cul.atin direction

i nf or mat i bhefere taHcipgdhgarid is i"f"EF“'?ﬁgﬁg%ﬁa?mbﬁta 8#‘@&%%?%“??}' 'Fn edge

of a first sensin arrag surface which is adjacent to but separated from an
edge of ali throuph ghegreyndscentactand neenislane efghesengingarahn

I nformati on and pi xel values at the edge of the first inmage portion to

obt ai n t heyuyfalcess Tois hag thesadhedntage of hiimimisigg thé pobsibility oft a usegeamyingiaon
and an edge of a second inage portion corresponding to the edge of the

second senshfidcRiiBIsTHAGIAG the BpBhRIEDUKvickiMy ATBldedidoargL ntOOE b oS
lrection 1nto

cal cul ati ng mation at the edge of the second i nage portion

and i nt er pol af if\ie'dahsfily Sithy Blirhdder mat i on and

In accordance with a second aspect of the present inventibn, there is provided a
method of constructing a fingerprint image, the method comprising obtaining a
number of fingerprint image portions from a finger of a user using fingerprint
sensing apparatus in accordance with the first aspect of the invention, each image
portion being obtained from a corresponding semiconductor device, calculating
direction information at an edge of a first image portion corresponding to an edge -
of a first sensing array surface which is adjacent to but separated from an edge of
a second sensing array surface, interpolating the direction infbrmation and pixel
values at the edge of the first image portion to obtain the values of pixels between
the edge of the first image portion and an edge of a second image portion

corresponding to the edge of the second sensing array surface.

Preferably, the method further comprises calculating direction information at the
edge of the second image portion and interpolating the direction information and

the pixel values at the edges of the first and second image portions to obtain the



the pixel values at the edges of the first and second inmage portions to
obtain the WD.01/11543 PCT/ SGOO' 00114 5 val ues of pixels lQﬁt e edges
of the fiW@PHAH second I mage portlons In accordance with & |r3 aspect
of the present invention, there is provided a nethod of constructing a
fingerprint image, the nethod conpri si ns obtaining a first set of
fingerprint inmage portions froma finger of a user using a fingerprint
sensing apparatus according to the first aspect “of the invention, each

i mge porvalwes bEpingls ketwaendbe fedgss ©f the fiesd |godRasgnd dmagernartions. devi ce,

obt ai ning a second set of fingerprint inmage portions fromthe fingerprint
sensing apparatus with the position of the finger on the sensing apparatus
offset fromthe position in which the first set of imge portions was

obt ai ned, inadof AR Wi altfid 'dshebt Snfle(dtasemGRVEntidH, thét isproviged’d nt 1 mage
portions. An exarrpl e of fingerprint sensing apparatus in accordance with

ar aui nge. MR Pt renstRRg S iREb R intdel € HBIRST SalrPris SRERMRERNRE
o <1 Pt RSP g bk BRRLE MG o8 ST S e e v
array; F| gure 2 is a plan view of an aratus sensing surface of a
fingerpri mpargmﬁsaqi@rdﬁﬂsdﬁéh@§lr%ﬁslﬁ‘e§bﬁ£ beraventian, @evgwagemcm batnga

single fingerprint sensor die arranged in a two dinensional array; Figure
3 is a peoistatmd fremex pbrdgpbndirgvsemicorfductdr device lobtaihing angecqnd sét of

fingerprint image portions from the fingerprint sensing apparatus with the position
of the finger on the sensing apparatus offset from the position in which the first set
of image portions was obtained, and comparing the first and the second sets of

fingerprint image portions.

An example of fingerprint sensing apparatus in accordance with the invention will

now be described with reference to the accompanying drawings, in which:-

Figure 1 shows a plan view of an apparatus sensing surface of fingerprint
sensing apparatus with semiconductor devices comprising a single
fingerprint sensor die arranged in a one dimensional array;

Figure 2 is a plan view of an apparatus sensing surface of a fingerprint
sensing apparatus with semiconductor devices comprising a single
fingerprint sensor die arranged in a two dimensional array;

Figure 3 is a perspective exploded view of a first example of fingerprint

sensing apparatus having a two dimensional array;



sensi ng apparatus having a two di nensional array; W 01/11543

PCT/ S@0100114 6 Figure 4 is a perspective expl oded view of a second
exanpl e ofwbonpssprint sensing apparatus having a two di mPEIISGIM01A4r ay;
Figure 5 is a cross-sectional view of the fingerprint sensing apparatus
shown in Figure 3 or 4; and Figure 6 shds a portion of two fingerprint

| mage portions obtained using the apparatus shown in Figures 1 to 5;
Figure 1 shows fingerprint sensing apparatus 10 whi ch conprises four

ndi vidual ~ paghgged ReApRRbEYe expRea e bf ' ' i
fingerprint sensor die. "Th evi ceg 11 are ar ?Zénag&g a?@#&?@%?fﬁﬁhéwgnénal
| i near array. + Of | i ' AS a sensing array
surface 12. Eag%%gl‘n%t#ﬁlatr%eﬁ%&ﬁ% %e@@%ﬁg@ngggﬁgg’a conventional
solid-state fingerprint sensor, .such .as i rect contact, fingerprint
acqui si tion deU‘-ﬁg\gpeLé'sr@ CW&&%@W@P g‘@quafﬁg.e f*ﬁ'ﬂ?@’l’@ﬁﬁ"ﬁmg PP MWShas an
array of solid-state capacitors formed on surface 12. An exanple of a
comerci al |y awhiomaundigys 3@r4iand device 11 that could be used in the
fingerprint sensing apparatus 10 is a Veridi com FPS100 produced by

Veri di com | nc.Figire Gshows @ portion Ghkwo dingerprintthagd=poltions dbtaineduisheg 11
has an individual controller (not shown) and all the i ndividual

control |l ers arghgpphritas 8Holvd id Figuresaapts;al sensor control ler (not
shown) for the fingerprint sensing apparatus 10. The central sensor

controller

Figure 1 shows fingerprint sensing apparatus 10 which com;;rises four individual
packaged semiconductor devices 11 each having a single fingerprint sensor die.
The devices 11 are arranged in a one dimensional linear array. Each of the
fingerprint sensor dies has a sensing array surface 12. Each of the fingerprint
sensor dies is a conventional solid-state fingerprint sensor, such as a direct

contact, fingerprint acquisition device using capacitive sensing. This type of

device has an array of solid-state capacitors formed on surface 12. An example of
a commercially available, solid state device 11 that could be used in the fingerprint
sensing apparatus 10 is a Veridicom FPS100 produced by Veridicom, Inc. of

Santa Clara, California, USA.

Each of the devices 11 has an individual controller (not shown) and all the
individual controllers are multiplexed to a main central sensor controller (not
shown) for the fingerprint sensing apparatus 10. The central sensor controller -
may also include a sensor oscillator (not shown) which can be used to ensure

synchronisation of the devices 11.



may al so include a sensor oscillator (not shown) which can be used to
ensure synchronisation of the devices 11. WO 01/11543 P?g&ﬁ%&%&&ﬂ}}4 7 As
an alter W& 911854930 t he devices 11 conprising an array of capacitlve sensors,
it is possible that they could conprisge an array of electric field
sensors, or an array of any other suit@able type of sensors. The sensing
_apparatus 10 also includes a netal grid plate 14 which has four apertures
13 into which the devices 11 |ocate: The top surface of the grid plate 14

i s rai sed\sadmattetriativedothe devicesyl 1scorhprising Bh arfay bbcapaditivessdrisans,dt ishe
plate 14 is electrically coupled to a ground contact (not shown).

Ther ef or gos8ifd tHt thé&¢ coeldsdorpigeas alraylsTaidtAc fibld sersors\orceh 685 oRg
surface for the apparatus 10. The area of the apparatus sensing surface is

the sum OJ &ﬁeréﬁi{}%ﬁﬁﬁﬁ@eﬁorg""m i ndi vi dual sensing array surface 12.

Fi gure 2 shows anot gerprint sensing apparatus 20 which includes a
netallic grid plate 21 with eight apertures 22 therein. A packaged

sem conductor. device 23 having a sensing array surface 24 is located in
each aperture 22 so that the sensor array surfaces 24 together forma

devi ce sekh# s@Nsing eRparatys 19@3%5153&1’%% metgl gﬁ‘ﬁB'faé? af'é",’h'gh agdaui ng
surface for the apparatus 20 is eight tinmes the size of each sensing array
sur face 2Zaperfiges N3vinta whichgheslexiceshtl loeatsnr The oy surfadenottheridplated4anged
in atw dinensional array. As with the devices 11, descri bed above and
shown i.n iEirgiged above the sensing array surfaces 12 of the devices 11 and the plate 14 is

electrically coupled to a ground contact (not shown).

Therefore, each of the sensing areas 12 together form a device sensing surface
- .for the apparatus 10. The area of the apparatus sensing surface is the sum of the

surface areas of each individual sensing array surface 12.

Figure 2 shows another fingerprint sensing apparatus 20 which includes a metallic
grid plate 21 with eight apertures 22 therein. A packaged semiconductor device
23 having a sensing array surface 24 is located in each aperture 22 so that the
sensor array surfaces 24 together form a device sensing surface for the apparatus
20. Therefore, the sensing surface for the apparatus 20 is eight times the size of

each sensing array surface 24.

As shown in Figure 2, the sensor array surfaces 24 are arranged in a two
dimensional array. As with the devices 11, described above and shown in Figure
1, the devices 23 may be any conventional solid state fingerprint sensor using a

capacitive sensing array, an electric field sensing array or any other suitable type



1, the devices 23 may be any conventional solid state fingerprint sensor
using a capacitive sensing array, an electric field sensing array or any
ot her sui wabdiais4ppe WO 01/ 11543 PCT/ S0/ 00114 8 of sensPalysao0/qot14 As
with the netallic grid plate 12, the netallic grid plate 21 is also
electrically coupled to ground and the gop surfaces of the grid plate 21
are raised above the surface areas 24. In use, when a user, who is to have
their fingerprint captured by the apparatus 10 or the apparatus 20, places
their fin t he nsing surface, due to the presence of the netallic
grid plate?fERS@QEHE%E that the surface of the grid plate 14, 21 is raised
above the surface of the sensing array surfaces 12, 24, the user's finger
shoul d contact the grid plate 14, 21 before contacting the surface array
surfaces 12, 24 so that any static charge on the user will be discharged

t hr ough tA«ﬁawghdhamqiaHmegrldzpla@ﬂz dbe enetaliagridplateg? isnaisoeladiicallyvi ces 11,
23. Therefore, this feature mnimses the risk of the devices 11, 23 belng

danmaged bycoupigdito grouddsmiacthedod suifages obthel grid praté B0 ats 241866 abaoe ¢hé bed
above, the ground plates 14, 21 are fornmed so that the respective devices

11, 23 fitgyraks drb8s pgspective apertures 13, 22 by being inserted from

bel ow the ground plate 14, 21. This is illustrated schematically for a two
di rensional array in Figure 3 where an expl oded view of a fingerprint

sensi ng device 47 i's shown. The device 47 conprises a 2 x 2 array of

devi ces 23] use when a user, who is to have their fingerprint captured by the apparatus 10
or the apparatus 20, places their finger on the sensing surface, due to the
presence of the metallic grid plate 14, 21, and that the surface of the grid plate 14,
21 is raised above the surface of the sensing array surfaces 12, 24, the user's
finger should contact the grid plate 14, 21 before contacting the surface array
surfaces 12, 24 so that any static charge on the user will be discharged through
the ground plate 14, 21 rather than through one of the devices 11, 23. Therefore,
this feature minimises the risk of the devices 11, 23 being damaged by a static

discharge during use.

In the two examples described above, the ground plates 14, 21 are formed so that
the respective devices 11, 23 fit into the respective apertures 13, 22 by being
inserted from below the ground plate 14, 21. This is illustrated schematically for a
two dimensional array in Figure 3 where an exploded view of a fingerprint sensing
device 47 is shown. The device 47 comprises a 2 x 2 array of devices 23 which
are mounted on a printed circuit board (pcb) 41 which has a number of conductive

contact pads 42, and a cable 40. The cable 40 is coupled to the contact pads 42



are mounted on a printed circuit board (pcb) 41 which has a nunber of
conductive contact pads 42, and a cable 40. The cable 40 is coupled to the
contact MUYGUUS4ANc) 01/11543 PCT/ SGOO 00114 9 by conductiGRSGtAY444
formed on the pcb 41. The pcb 41 is located in a holder 45 which includes
a base plate 46 which supports the pct»%i. The devices 23 are nounted on
.the pcb 41 such that the contact pads 42 contact pads 48 on the wunderside
of the devices 23 as shown in Figure 5. The ground.-plate 21 is then placed
over t he byadontilctive pathsd4 fdrmeticon tes pel3 44t eTHeopels 44 is located ipa holders 22,
as shown in Figure 5. In an alternative exanple, it is possible that the

ground coEh@Rich indudes bt platy 48 Which stispaedthdlpdP4d hTheiRicdd 123 @pei ces

23 are nounted onto the pcb 41, the ground contacts extend up between each

| ndi i dugho 4K B3 5 4 3hch Bat HORBHI bEASHR QnblS AN nGRYL act s 21

are rais e 'surtaces sensrrng array Ssurtaces

expl oded vi ew .qf I s ,arrangenent, i s shawn i Il gure 4, ere. parts

o Par il orheaBeas 3R o T Bilire B e dioting pilet T i felce, ¢ ne
various inmages acquired fromeach of the individual devices 11, 23 have to
be assentflaged eveitherpabdbeueh thad the devicas 23aredasateddn the geeures 22.nage.
However, there are gaps 15 between adjacent devices 11 and gaps 25, 26

bet ween adj stoywn indBiguged. 23 corresponding to the ground plates 14, 21.
Therefore, if the imges fromeach device 11, 23 are assenbled to construct
t he o

In an alternative exampile, it is possible that the ground contécts 21 could be
formed on the pcb 41 so that when the devices 23 are mounted onto the pcb 41,
the ground contacts extend up between each individual device 23 so that the
upper surfaces of the ground contacts 21 are raised above the surfaces of the
sensing array surfaces 24. An exploded view of this arrangement is shown in
Figure 4, where parts similar to parts in Figure 3 have the same reference

numeral.

In use, the various images acquired from each of the individual devices 11, 23
have to be assembled together in order to construct a complete fingerprint image.
However, there are gaps 15 between adjacent devices 11 and gaps 25, 26
between adjacent devices 23 corresponding to the ground plates 14, 21.
Therefore, if the images from each device 11, 23 are assembled to construct the
fingerprint image, there will be discontinuities or gaps 31 (see Figure 6) in the
image corresponding to the gaps 15, 25, 26. The discontinuities will cause errors
in the minutiae extraction process. Therefore, it is necessary to calculate pixel

values 34 for the gaps 15, 25, 26 to ensure that there are no discontinuities in the



fingerprint imge, there will be discontinuities or gaps 31 (see Figure 6)
in the inmage corresponding to the gaps 15, 25, 26. The discontinuities
will caussweeewnss in the mnutiae extraction process. TheP€T/SGeY00114 | s
necessary to cal cul ate pixel values 34 for the gaps 15, 25, 26 to ensure
that there are no discontinuities in th#0WD 01111543 PCT/ SGOO' 00114 10
final fingerprint image. Two possible ways of filling in the m ssing
information are: (i) Any fingerprint inmage is inherently directional.

information are: (i) er pri nt  nher en _
Figure 6 ALARErpAR mdte?! THo seRsbl Way T Tithg i the RUSIRT Iimatth ak°

various conventional image processing nethods. The size of the gap 31 and
the resolution of the devices 11, 23 are known in advance fromthe

specification gf the deyices. 11, 23. .Fromthe, specificatiqgn, the npunber of
pi cture el'errengé (p%ﬂéﬂfg)gqrﬂr'”tt'H?Q%@?’S"ﬁ%g"ﬁgq%t g‘ge ore, dreghon 31 can
be cal cul ated. However, the actual values of the ,ng xels 34 in the gap 31
are not known. infognatian 83 is Heefubinre canstrustion (seenFigure:6).i The direptionisi.ng
the pixel values 32 and the direction information 33 at both edges of the
gap 31 by neansnfofmationt 88pancthe comp(ted eadilycusiagivasibys coheerttioraimaget

| mage can be acquired twce with one of the inages being slightly

translated froprbdessiidifiethddd?othe 528 dTahé gapt3l and ik iablutionlofdhe ect i ons.
The unknown pi xel values in the separation region 31 can then be estinmated
fromthe two i RRORZsUSH D3 £RRHWNH Msdvan@B%fom the specification of the devices

11, 23. From the specification, the number of picture elements (pixels) in

the image to be allocated for the gap 31 can be calculated. However, the

actual values of the pixels 34 in the gap 31 are not known. Therefore, the

pixel values 34 can be estimated by using the pixel values 32 and the

direction information 33 at both edges of the gap 31 by means of

interpolation;

(i)  Alternatively, the fingerprint image can be acquired twice with one of
the images being slightly translated from the other in both the horizontal
and vertical directions. The unknown pixel values in the separation region
31 can then be estimated from the two images using conventional image

processing techniques.

Advantages of the invention are that by forming fingerprint sensing apparatus 10,
20 from a number of packaged semiconductor devices 11, 23 each having a
single die, it is possible to form fingerprint sensing apparatus 10, 20 with an

apparatus sensing surface which is many times larger than the sensing array



processi ng techni ques. Advantages of the invention are that by formng
fingerprint sensing apparatus 10, . 20 from a nunber of packaged

sem cond WO WSYi ces 11, 23 each having a single die, itPSESGRUOI e (o
formfingerprint sensing apparatus 10, 20 with an apparatus sensing
surface which is many tinmes |arger tharl% he sensi ng array WO 01/11543

PCT/ SG0OO 00114 11 surface 12, 24 of each individual device 11, 23. This
has the advantage that relatively small, and therefore inexpensive,

devi ces ldyrfate t2r2def eachdindividual device 165,82% i Thisdgsdhetadvahtggethati t h a
much | arger sensing surface. In addition, by using a nunber of devices 11,

23 to forpgdtielyssmail andiisrefird nebpendivel Helites 13023 RanBdUSed B RIrAYViNgE an
el ectrical ground contact grid over the device sensing surface to mnin se

h sk . . . . oo WD
o1/ 11543 RTERRPRIES 10, 36 R Ibfer SRS acer in AUt b

i si . b f Kk ' tor . devi kaged
cem condult08 HBNber CLABRFer ner 25 1 LISt o et T 2B SR i e
conprising a sensing array surface, and the packaged seni conductor devices
bei ng ar r BPgfidleds Aravide @ncelseticalgronnd apntact arid.uer dhe dexicg sensing | ne an

appar at us sensi ng surface.
surface to minimise the risk of static discharge damaging the devices 11, 23 in

use.



2. Apparatus according to claim1, wherein the apparatus sensing surface is
substantially planar. 3. Apparatus according to claim1 or claim?2, wherein
t he devi ceo @yAsss3arranged so that the sensing array surfacestT/AGoomaione

di rensional array. 4. Apparatus according to claiml or claim?2, wherein
the devices are arranged so that the s¢msing array surfaces forma two

di mensi onal array. 5. Apparatus according to any of the preceding clains, _
wherein the sensing array surfaces are |less than 15nm x 15nm 6. Apparatus
according to claimb5, wherein the sq?EAnﬁsarray surfaces are |ess than
10mm x 10mm 7. Apparatus according to any of the preceding clains, further
conprising a * 1111111121111 L ~ 11112111111 WO 01/11543 PCT/ S0/ 00114

13 ground contact |ocated between the sensing array surfaces of at |east
two adjacent devices. 8. Apparatus according to claim?7, wherein a ground

contact id-| oc&ingerrrat sSRNSiNG:appaRNS COMPHSING @&:p¥Mbenaf packagedy surfaces.
9. Apparatus according to claim7 or claim8, wherein the ground contact is
in the fsemicdnductordevices, eaph paskagedsemictintdiyictar denicecfonprising azsingle9,
wherein the ground cont act

fingerprint sensor die, each die comprising a sensing array surface, and the

packaged semiconductor devices being arranged so that the sensing array

surfaces of the dies define an apparatus sensing surface.

2. Apparatus according to claim 1, wherein the apparatus sensing surface is

substantially planar.

3. Apparatus according to claim 1 or claim 2, wherein the devices are

arranged so that the sensing array surfaces form a one dimensional array.

4. Apparatus according to claim 1 or claim 2, wherein the devices are

arranged so that the sensing array surfaces form a two dimensional array.

5. Apparatus according to any of the preceding claims, wherein the sensing .

array surfaces are less than 15mm x 15mm.

6. Apparatus according to claim 5, wherein the sensing array surfaces are

less than 10mm x 10mm.

7. Apparatus according to any of the preceding claims, further comprising a



has a conducting surface which is raised above the surface of the sensing
array surfaces. 11. A nethod of constructing a fingerprint_ina t he
met hod c¥PWHEPHy obtai ning a nunber of fingerprint inaggcﬂg¥¥$@ﬁg4fron1a
finger of a user using fingerprint sensing apparatus according to any of
claims 1 to 10, each inmage portion beﬂ@g obtained froma correspondi ng
sem conductor device, calculating direction information at an edge of a
first image portion corresponding to an edge of a first sensing array
surface wowid contat} koated beiween thepsersinglafrap sutfacesigbablieasttveecond
sensing array surface, interpolating the direction information and pi xel

val ues atadjdrertdenicek. the first image portion to obtain the values of

pi xel s between the edge of the first inmge portion and an edge of a second
i mage portion corresponding to the edge of the second sensing array
surface. L1 ELE Frrrr 1211212221232 10 11l * ~ L WD 01711543

PCT/ SG00100114, 14 12. A nethqd accoydi to claimi11. . furthe onpri sing
cal cul ati*hg difARRAM aqch(n%pgg?icﬁq{ma 'Wﬁ%e&@@%ﬁ"% ﬁ‘é“‘é&ﬁt?dac{’ ge portion
and interpolating. the direction information and the pixel values at the
edges of hetweeneachpar efadiacent AERsINg,3ray SHEag8S-obt ai n t he val ues of

pi xel s between the edges of the first and second inage portions. 13. A
met hod of constructing a fingerprint imge, the nmethod conprising

9. Apparatus according to claim 7 or claim 8, wherein the ground contact is in

the form of a grid.

10.  Apparatus according to any of claims 7 to 9, wherein the ground contact
has a conducting surface which is raised above the surface of the sensing array

surfaces.

11. A method of constructing a fingerprint image, the method comprising
obtaining a number of fingerprint image portions from a finger of a user using
fingerprint sensing apparatus according to any of claims 1 to 10, each image
portion being obtained from a corresponding semiconductor device, calculating
direction information at an edge of a first image portion corresponding to an edge
of a first sensing array surface which is adjacent to but separated from an edge of
a second sensing array surface, interpolating the direction information and pixel
values at the edge of the first image portion to obtain the values of pixels between
the edge of the first image portion and an edge of a second image portion

corresponding to the edge of the second sensing array surface.

R



obtaining a first set of fingerprint inmage portions froma finger of a user
using fingerprint sensing apparatus according to any of clainms 1 to 10,
each i mageo giaésson bei ng obtai ned froma correspondi ng sepcT/SGONM DS
device, obtaining a second set of fingerprint imge portions fromthe
fingerprint sensing apparatus wth theigosition of the finger on the

sensi ng apparatus offset fromthe position in which the first set of imge,
porti ons was obtained, and conparing the first and the second sets of

fingerprigh | MAGGeRRd 4 ding a4, Futther compriding thicttdty ditections™
information at the edge of the second image portion and interpolating the direction
information and the pixel values at the edges of the first and second image
portions to obtain the values of pixels between the edges of the first and second

image portions.

13. A method of constructing a fingerprint image, the method comprising
obtaining a first set of fingerprint image portions from a ﬂngemr of a user using
fingerprint sensing apparatus according to any of claims 1 to 10, each image
portion being obtained from a corresponding semiconductor device, obtaining a
second set of fingerprint image portions from the fingerprint sensing apparatus
with the position of the finger on the sensing apparatus offset from the position in
which the first set of image portions was obtained, and comparing the first and the

second sets of fingerprint image portions.

gy



