13 June 2006 1 FI NGERPRI NT | NPUT APPARATUS Backgr ound of ”]? | nv. ion This
I nvention.relates to a fingerprint input apparatus and, in 63?? cular, to
an optical: fingerprint input apparatus for acquiring a fingerprint inmge
by the use of a two-di nensional inmage sensor. As an opti-cal fingerprint

I nput apparatus using a two-di nensionall inage sensor, an optical

reflective fingerprint input apparatus and an optical transm ssive
fingerprint input apparatus are known. Recently, attention is directed to
~the optical transm ssive fingerprint input apparatus. 1In the optical
transm ssive fingerprint i ra ' t first enters into an

I nside of a .finger, Is SQNQEEWﬁWPWeRH%%%TUS the finger, and
conmes out of the finger through a surface of the finger as outgoing light.
By the use of the outgoing light, a fingerprint image is forned. In the
optical transm ssive fingerprint input apparatus, fingerprint

identification or collation is nore stably and reliably carried but as the
light quantity oBadkeroondafitha Ihvemiog:om ng out fromthe skin of the
finger is nore uniformover an object surface of the finger for which the
fingerprint i magdhiginverdion eslaisisrteda fingerprintlinpbt apparitins anids jmonuni f or m

a greater %gﬁrnt of, cal Ckﬂ a}y’,on is, required for correction. In this event,
it is diff i¢ulap toan epticalinggrpsiat inp apparatusifortaeyuiivga consunpt i on

of the fin ' il ratus. .Therefore, it is desired to achieve :
uni formt yﬂﬁﬁawf@ﬁy%pyﬁﬁ%ﬁyﬁ twodimensienalii;iage sensoradi ated from an
opposite side of ' Iy & 0, | ect surface as-a neasured
surface. On the ét%krlal;r Bﬁgﬁﬁrﬁ?ﬁ&@?@ﬁﬁﬁ'@w using4 two sienal
reduction imagesersod, ahiopfieaF fefRictivadirddtBRhPirplt appRthtdPRifd ahys: use is

optical transmissive fingerprint input apparatus are known. Recently,

attention is directed to the optical transmissive ﬂng_ierprint input apparatus.
In the optical transmissive fingerprint input apparatus, light at first enters
into an inside of a finger, is scattered within the inside of the finger, and
comes out of the finger through a surface of the finger as outgoing light,
By the use of the outgoing light, a fingerprint image is formed. In the
optical transmissive fingerprint input apparatus, fingerprint identiﬁcation or
collation is more stably and reliably carried out as the light quantity of the
outgaing light coming out from the skin of the finger is more uniform over
an object surface of the finger for which the fingerprint image is to be
acquired. If the light quantity is nonuniform, a greater amohnt of
calculation is required for correction. In this event, it is difﬁculf to reduce’
the price, the size, and the power consumption of the fingerprint input
apparatus. Therefore, it is desired to achieve uniformity in light quantity.
To this end, the light is irradiated from an opposite side of the finger
opposite to the object surface as a measured surface.

On the other hand, in order to meet the recent demand for
reduction in size and thickness of the fingerprint input apparatus, use is




13 June 2006 2 made of nethods illustrated in Figs. 1 throggg 3. 0
Specifically, in the nethod illustrated in Fig. 1, |ight w9 gt

source is irradiated to an end of the finger. In the nethod illustrated in
Figs. 2A and 28, light fromLEDs (light emtting diodes) as a |light source
is irradiated to lateral sides of the ®Binger. In the nethod illustrated in’
Fig. 3, light fromLEDs is irradiated to the neasured surface of the

finger. In these _nethods, however, the Ii?lht guantity in the neasured
t
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Pr edom nanthe measuredgurface of tredfiagex) by an illuninating unit |ocated at
the opposite sid surface of the finger (Fig. 4)

osite to the nmeasured
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reflective fingerprint 1 nput apparatus. dinFig. 5, the
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-which has been used also. In this method, a fiber optic plate 100
comprising a bundle of a plurality of optical fibers, i.e., an optical fiber
bundle, is used in order to acquire a fingerprint image. Each of the
optical fibers has a fiber axis inclined at a specific inclination éngle with
respect to a normal line to a finger contact surface of the fiber optic plate
100. This method often adopts an optical transmissive system as a light
irradiation system. Predominantly, the light is irradiated by an
lluminating unit located at the obposite side opposite to the measured
surface of the finger (Fig. 4) or by the light source located at the lateral
sides Qf the finger (Figs. 2A and 2B). Rarely, use is made of the method
of irradiating the light to the end of the finger as mentioned above in
conjunction with Fig. 1.

The method of using the fiber optic plate is also appﬁcable to the
optical refiective fingerprint input apparatus. As illustrated in Fig. 5, the
light from the light source is irradiated from the lateral side or obliquely
from the lateral side of the finger to the optical fiber bundle of the fiber
optic plate, guided to the measured surface of the finger, diffusely reflected

at fingerprint valleys, and thereafter guided to the optical fiber bundle.




fromthe lateral side of the finger to the optical fiber b#?gleﬁfo t he
fiber optic plate, guided to the neasured surface of the fi léré‘n’r Giffusely
"reflected at fingerprint valleys, and thereafter guided to the opti cal

- fiber bundle. 13 June 2006 3 As illustrated in Fig. 6, still another
existing method will be described. Al@ght transmtting ring 110 is used
to position the finger. The light emtted fromthe LEDs is irradiated from

a | ower side or g\bl,hﬂuelé fromthe | ower side of the ring 110 and injected
through the ringAglfiustiated nkig: 6,58l anctherexisting enéthoer wilihe ¢ pl ate 100.

The |ight L4t ed ,.t.hroough the fjng Is guided through the optical
fiber bundh&ggﬁg?he %'Eﬂ!? tf%fgﬁmﬁﬁmam ﬁﬁ)'st'éﬁ%\d t%oﬁltlmigiaﬁrmersensor. I'n
this case, AU i ' Li.ng 110 as an optical guide to
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and measuring (g)pt ipcal fibers for éﬁu i ng Ii%ht Tprba{%rtnkﬁ%gg@ﬁpough t he
finger to throtigh-thedingsrdia guided shraughstheesptidal fiveF bundld 3f tHid fiber
~illumnatin .op&i cato fibers are inclined with respect to the neasuring
optical fi BBTJE Plate 109 togdwa-dimensional sppsorat s dbisucasey thetight i mensi onal
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apparatus includes a fiber optic plate 100" which comprises a combination
of illuminating optical fibers for guiding light from LEDs to the finger and
measuring optical fibers for guiding light transmitted through the fingerto a
two-dimensional sensor. As seen from Fig. 7B, the ilfluminating optical

fibers are inclined with respect to the measuring optical fibers.

L1

In a fingerprint input apparatuses using a two-dimensional sensor
and having a thin profile (without using a lens or a prism), the two-
dimensional sensor is influenced by electrostatic charges accumulated in
the finger. If the electrostatic charges have very strong electric energy,
the two-dimensional sensor may be broken. In order to avoid the
influence by the electrostatic charges, a transparent electrode layer such
as tin oxide is formed on the surface of the sensor and grounded in case
where the sensor is an optical sensor. |

In case where the sensor is a static capacitive sensor, an antistatic
electrode can not be applied to its surface. As illustrated in Figs. 8A and
8B, the static capacitive sensor depicted by a reference numeral 17 is
provided with an electroconductive mask 16, relatively wide, formed
around a sensing or measuring surface thereof and grounded.




where the sensor is an optical sensor. In case where the s??zor:%% a static
capacitive sensor, an antistatic electrode can not be applt ?Pﬁ ?ts
surface. As illustrated in Figs. 8A and 8B, the static capacitive sensor
depicted by a reference nuneral 17 is provided with an el ectroconductive
mask 16, relatively wide, formed aroungga sensing or neasuring surface

t hereof and grounded. 13 June 2006 4 In recent years, attention is directed
to the optical fingerprint input apparatus in view of stability and
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In the fingerprint input apparatus of the type, a fingerprint focusing
portion is reduced in thickness. For a light irradiating structure, however,
a satisfiable technique is not yet established because of trade-off between
the reduction of nonuniformity in light que;ntity in the measured surface
and the reduction in size and thickness. In order to minimize the
nonuniformity in light quantity in the measured surface, the best approach
“is to irradiate the light from the opposite side of the finger opposite to the
measured surface, i.e., from the side of a nail. However, this approach
requires a space greater than the thickness of the finger and can not be
applied to an ultraminiaturized apparatus, such as the mobile telephone,
which will be widespread more and more. Thus, from the limitation of the
space, it is impossible to use any other method than the light irradiation
from the lateral side of the finger or from the éide of the measured surface
of the finger. However, the light irradiation from the lateral side or from
the side of the measured surface of the finger Is disadvantageous in the
following respects.
For example, consideration will be made of the method described

in conjunction with Fig. 6. In this method, the light is irradiated obliquely




applied to an ultram ni aturized apparatus, such as the rmbil%i t%ﬁghone,
which will be w despread nore and nore. Thus, fromthe |im \ai f the
space, it is inpossible to use any other nmethod than the light irradiation
fromthe lateral side of the finger or fromthe side of the neasured
surface of the finger. However, the |li@ght irradiation fromthe |ateral
side or from the side of the neasured surface of the finger is

di sadvant ageou the . follow ng respects. For exanple, consideration wll
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light quantity in the measured surface.
In case where the light is irradiated to the end of the finger as
illustrated in Fig. 1, the light from the light source often enters directly into
the aptical fibers facing the measured surface. In addition, the light
quantity received at a part of the finger near its base is insufficient.
In the methods described in conjunction with Figs. 7Aand 7B and
Fig. 5, the light is irradiated directly to the measured surface of the ﬁnger.
In Figs. 7A and 78, the illuminating optical fibers for light irradiation
are arranged adjacent to the measuring optical fibers for fingerprint
measurement and inclined with respect to the'measuring optical fibers.
The light from the LEDs is irradiated through the illuminating optical fibers
to the finger. In this case, the resolution is degraded because of inclusion
of the illuminating optical fibers. In addition, the fiber optic plate must be
prepared by a combination of the illuminating optical fibers and the
measuring optical fibers different in extending direction from each other.
This results in an increase in production cost. Therefore, this method
does not meet the demand for a low price.




Fig. 5 the light is irradiated directly to the nmeasured s égac&)ﬁ% t he
finger. In Figs. 7A and 7B, the illuninating optical fiber3 fi ght
irradiation are arranged adjacent to the neasuring optical fibers for
fingerprint nmeasurenent and inclined with respect to the neasuring optical
fibers. The light fromthe LEDs is irr@diated through the illuninating
optical fibers to the finger. In this case, the resolution is degraded

because of inclugign ,of,the illumnating optical fibers. In addition, the
fiber optic plat E" E{%tgﬁgeqm&ﬁ@ﬂ'ﬂ?c&?‘bmﬂ)ﬁMH ebliaisely feormnithedower i ng
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i r radi at edclagiding poriensy e Thailighicecattercddntamaipiayéy slle ﬁ@@mur i ng
fibers (incl hjdi ng cladding portions). The light scattered i nair |ayer
at the finRIo¥ ismeasyred as; a bight pacstl aEhus, thisghethoed is basieally @hi s net hod
I s basi cal I&I%ZQ%U mea%ur enent ,, of aa optical reflective type. On the other
hand, exte rematt of anerticalseflertive tyne.i ngnithe ofher haed, extéraahs a
behavi or i 1SSl type... Theref,ore, canceljng _points are
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made to t ﬁﬁebi nvention s'eté]%et hin-<c gll%mo%%gﬁ% g’éé'ﬁgs I{ﬁ%ﬁﬁi ﬂg& 3045629.
An oper at i i@sulfrinninigtable siedsueemientt he invention is already known. The
operation pri ncixl e i s based on the fact
s a technique of a small-sized fingerprint input apparatus
presently known, reference will b_e made to the invention set forth in claim
3 of Japanese Patent No. 3045629. An operation principle. similar to fhe
in}rention is already kngwn. The operation principle is based on the fact
that, when the light is directly irradiated to a finger as an object and comes
out therefrom after scattered in the finger, the fractions of light coming
from a recessed part (valley) and a protruding part (ridge) of the fingerprint
are incident into the optical fibers of the fiber optic plate to different extents.
Specifically, the fraction of light coming from the protruding part is incident
to the optical fiber at a small loss over an aperture angle of the optical fiber
because an end of the protruding part is contacted with an end face of the
optical fiber.. On the other hand, the fraction of light coming from the
recessed part enters into the air layer at the valley of the fingerprint. The
fraction of light passing through the air layer is reflected at the finger
contact surface of the fiber optic plate at a reflectance which is greater as
an incident angle is greater with respect to the normal line to the finger
- contact surface. Therefore, if the optical fiber axis is inclined to an angle

at which the reflectance is great and if the fiber has a small numerical




that, when the light is directly irradiated to a finger as g? o%«agt and

cones ~ out therefromafter scattered in the finger, the f r bt img f1ight
comng froma recessed part (valley) and a protruding part (ridge) of the
fingerprint are incident into the optical fibers of the fiber optic plate
to different extents. Specifically, thelfraction of light coming fromthe
protruding part is incident to the optical fiber at a small | oss over an
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Therefore, if the optical fiber axis is inclined to an angle I ch the

r ef | ect ancdartagadhe fraetion of light coming fromatheredessetepartal Th itigs 2006 7
aperture, t%e ftrqeiﬁtion of I{bg frgr’nthe ai.r layer hardly enters into the
optical fidssutagioh sentsash - the gbguementioned cpoaent isisciosdd iy UiS: f ace
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- However, in case where the light is incident from the air layer to the optical
fiber having a refractive index.greater than that of the air, the critical angle
is not present in principle'and the reflectance is simply increased with an
increase in angle. As shown in Fig, 9, the incident angle 6, is equal to
85° assuming that the reflectance of 50% corresponds to the critical angle.
Therefore, the axis of the optical fiber must be inclined to 85°. Inthis
event, the end face of the optical fiber has an exitremely long elliptical
shape. The resolution is considerably different in a long axis direction
‘and in a short axis direction. This results in a disadvantage that the
resolution in the Iong axis direction is degraded. Taking the above into
consideration, it is necessary in practical applications to seek an optimum
condition on the basis of the concept disclosed in U.S, patent No.
4,932,776.
| In the method of using the fiber optic plate, strong electric energy
of the electrostatic charges accumulated in the finger affects the opération

of an LSI (Large _Scale Integrated Circuit) used as an image sensor. .




optical fiber, i.e., beyond the range of a total reflectio&(i riti@gl angl e.
However, in case where the light is incident fromthe air &'B’FQP t he
optical fiber having a refractive index greater than that of the air, the
critical angle 1is not present in priryiple and the reflectance is sinply

i ncreased wwth an increase in angle. As shown in Fig. 9, the incident
angle 6 , is equal to 85 assumng that the reflectance of 50% corresponds
to the crifical lLe, Jherefore, the axjs_of .the,optical .fj.ber nust be
ol i ned {heforé I RefsiectraSlaRe ¥rinoss it Be Pepbere Breiershger has an
extremnely LRE p ' [ ' ly different
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Oxide) film However, the thin filmhas a largé electric” 'resistance so
that a | ditge squthatithg abilityl Fdiscisdrging efdetrastatic ghangds is degeadeaheousl y be
di scharged. |In addition, discharge of the electrostatic charges may
det er i or dd®dereribad in fdonjnatios withFugsh8Anand 8B, ke static capacitive worn as a
't of t L th t fi f I I Qd of
resu ° sernes%era’l 761% ;():r%r\lltt é:é w\f\fh the e %ctrlort]:g%uct%e ?nas n%; 6,p reerléﬁvel?/ wide,
formed around the measuring surface as an antistatic mask because the
antistatic electrode such as the ITO film can not be applied to the surface.
However, the surface of the static capacitive sensor 17 can not be
protected by a relatively thick insulation film or the like. Therefore, if the
finger at first comes into close proximity to the sensor before it approaches
the antistatic mask, the electrostatic charges are discharged to the sensor

to break the sensor.

Summary of the Invention:

It is therefore an object of example embodiments of the present
“invention to provide an optical transmissive ﬁngerprint input apparatus which
is reduced in size by arranging a light source so that light from the light
source is incident to a substantial center of a part of a finger including a
first joint or articulation on a palm side and that the light source is adapted

to be brought into contact with the finger. .




time so that the ability of discharging electrostatic chargf? i S 8$graded.
As described in conjunction with Figs. 8A and 8B, the statt ‘H&ﬁ@ tive
sensor 17 is provided with the el ectroconductive nmask 16, relatively w de,
fornmed around the neasuring surface asgan antistatic nmask because the
antistatic electrode such as the ITOfilmcan not be applied to the
surface. However, the surface of the static capacitive sensor 17 can not

be protect ed wae?drebﬁ&é\mihvoﬁé]gebg{:@éﬂhgtdrage ﬂtibv?@ﬁ?ﬁ Nhghd s Therefore,

if the finger at first cones into close proxim he 'sensor before it
appr oacheprovided affingergintdnpasippafneus besipiie light8aligeSoremiflingchar ged
to the sensor to break the sensor. Sunmary of the Invention: It Is

t her ef or elight, atjjlatethafing adinger carbact sweface with whictp adirger is brougtiti on- t o
provide an optical transm ssive fingerprint input apparatus which 1is
reduced i W@ reatasy and andnagesansghiospickiog wpadimgerpriniimageeh $aid | i ght
source isgincident to a substantial center of a part of a finger including
a first ?éé#ﬁ‘” "% iculation on a pal mside and that the |light source is
adapted to be brought into contact with the finger. 13 June 2006 9 In
accordance wth one aspect of the present invention, there is provided a
fingerprint input apparatus conprising a |ight source for emtting |ight,
a plate having a finger contact surface with which a finger is brought
~into contact, and an image sensor for picking up a fingerprint inmage of
said finger, wherein: 13 June 2006 10 said inmage sensor obtains said
fingerprint image by the light .fromsaid |ight '




~source introduced into an inside of said finger to scatter %?e I'g t wthin
the inside of said finger, and com ng out of said finger { éh surface
of said finger, and; said |ight source is arranged so that the light from
said light source enters into a subsygntial center of a part of said
finger which part includes a first joint on a pal mside of said finger and
that said Iight source 1is adapted to be brought into contact with the palm

side of sai ng Fi g.
1is a vi ew f géecnéﬁlolbg&g‘ﬁ?s%%?gelée? n? rﬂﬁgg%é) t@fta "qjl'r z@@??@ ght to
an end ofs@;rtensﬁédufwﬁwto% iRBeSt Hig FﬁgBH’d‘s&éﬁé\‘ hRdight $8Hin gl Vi ew
for describing an existing technique of Trradiating lig t froma | ateral
si'de of ainkidegefrsaififipges, arsd eomiirgvolibof das!cﬂngmmlgrcarghealsarraogof saithi que of
irradiating light froma |lower side of a finger 4 is a view for
descri bi niNg8loaNd; saidilight sguresisrargarged SD@ha’HhESl@ﬂgﬁ%wSBtsﬂldﬁscrl bi ng
still anot her eX|st|n t echni,que; or describinpg yet

anot her eSQWERRYLBISIN Si@”ﬁ@}rf@rﬂgb@Pﬁ?aﬂ @ Sa'gﬁft INGRY WIHCHRArE “schemat i ¢

H flher ?ﬁ?ﬁ@e%f%ﬂ%ué@% A Fii 4981 sBRPM G And e AR ShING, o o ©

per spect i | apacitive
Cenoors | F g *‘Eg’ﬁﬁéf%@'?hBWﬁgc’P ot i (e path Sideen Shidgeroh:

transmittance and an inci dent angl e when |ight comng froma flngerprlnt




valley (air) enters into an optical fiber; Fig. 10 is a sc Jnatizgﬁ %ziew of a
fingerprint input apparatus according to a first enbodi ne B Rs
invention; Fig. 11 is a view showing a brightness distribution of a
fingerprint inmage read by a two-di neggional sensor of the fingerprint

i nput apparatus in Fig. 10 (wth an LED below a first joint); Fig. 12 is a
schematic view of a fingerprint input apparatus according to a second

enbodi nent of L) [ PRs +-El 2 1s a view for describing the

di stribution fibfD ¢ fdrp- e @révalﬁ e finger; Figs. 14A and 14B are a
perspective viEy.ang aavi%ﬁﬁfdr%é%bribIn?’\éﬁfexi’stiri@féc_hﬁfqL?é of i'i‘l%ié’ﬂiq__g“t I nput
apparatus according to a third enbodi nent of “ this invention; Figs. |ISA and

158 are dighdntemecend of aifingeand a sectional view of a part of a fingerprint
i nput apparatus, accordi ng to a fourth enbodiment of this invention; Fig.
16 is a schenmdrigs. ¥AandbZBareisnglanpiewtanchasectippandewdor deseikingg to a
fifth enbodinent of this inventiqgn; Fi 17 is, a sghematic view of a

fi ngerpri?ﬂe?('ﬁg{]g(%ﬁgfﬂﬂﬁ? '“'%‘é'@gF'Si“ﬁbgern?aaé?tﬂﬁl %a%g’g? Tof this

i nvention; 13 guneg :200 Fig. 18 i i | eW Jingerprint

i nput appar at ulila' gé%%r\gﬁgl‘éfotré)%gcéél\ﬁgi?ﬁ e%@@%&ﬁ{‘% ?ﬁ?‘?ﬁ'%’\'@ﬂu on; Fig.
19 is a vighfomy |Bg,etr@%égf§tﬁingg§.hi p between a refractive index of a LED
package naterial (P) and a |ight transmttance when a LED package is

contacted wi t [Fig. #iiggariewHor Hesgihing Epdthenatisiig Jechnique;
Fig. 5 is a view for describing still another existing technique;

Fig. 6 is a view for describing yet another existing technique;




Figs. 20A and 20B are a schematic view and a plan view of ¢ fi nm}%ﬁ%pri nt

| nput apparatus according to an eighth enbodi nent of this ? funs n; and.
Fig. 21 is a view showi ng the brightness distribution of a fingerprint
i mage read by a two-di nensional inage sensor of the fingerprint input
apparatus wi thout an LED below a first 1j?oi nt. Description of the. Preferred
Enbodi nents; Now, description will be made of several preferred enbodi nents
of this inventi tah ce to the. wing. At .first referring to
Fig. 100 afingeier i ad a8 S schemant ViRl B anasting FopSEHRtar rent. o
this i nvergi ' i S | . fi ber
opti ¢ pl ar e AEpARaN pRE Sl specHUE iEH; of e TP p e R Wed fiBafiny s
brought i ntegpeetivelt in order to pick up a fingerprint image of the finger
1, and a light source 2 for emtting light. The light emtted fromthe
li ght source 2 ilsigst 8A and 8Brareod perdpeoctive aiew anddesettivme viewngfan 1, i s
scattered within the inside of the finger 1, and cones out of the finger 1
t hrough t HRXIStNG sdatie capasitive&@NSOr; as out going |ight. By the use of the
outgoing light, the fingerprint image is forned. The light source 2 is
arranged so thatﬁlghg IBigHMEV BBAMNG ?Wt'gﬁgﬁ'@eb%ﬁﬂegilghﬁto a

pal m o1 de " TIRANCF Adcidknt ols WBEh dapt BEHRY BRrd A idgRries. "
contact Wivdligy\if) diftefs ;htojaﬁ_ JptiGaldil¥t: 14 Preferably, the part of the

finger + including the first joint on the palmside is a region within
10nm above and HegodQtib@ $chermatioiviewdadf 4 fingefprirddnput @ppdragupal m si de.

That is, the part including the first joint on the palmside of the finger
i s a regi Afassdingte a firshembeglinent of fhisiingentions of

Fig. 11 is a view showing a brightness distribution of a fingerprint
image read by a two-dimensional sensor of the fingerprint input apparatus
in Fig. 10 (with an LED below a first joint);

- Fig. 12 is a schematic view of a fingerprint input apparatus
according to a second embodiment of this invention;

Fig. 13 is a view for describing the distribution of light directions in
the finger;

Figs. 14Aand 14B are a perspective view and a sectional view of a
part of a fingerprint input apparatus according to a third embodiment of
this invention;

Figs. 15Aand 15Bare a perspective view and a sectional view of a
part of a fingerprint input apparatus according to a fourth embodiment of
this invention;

Fig. 16 is a schematic view of a fingerprint input apparatus
according to a fifth embodiment of this invention:

Fig. 17 is a schematic view of a fingerprint input apparattis'

according to a sixth embodiment of this invention;




the finger than the first joint by 10mm and a different Iinf farthgr from
the fingertip than the first joint by 10mm on the pal nsi dé&> 52080+ i nger .
The fiber optic plate 3 conprises a bundle of a plurality of optical
fibers. The light fromthe light source 2 is at first introduced into the
finger 1, is scattered in the finger ¥3and cones out fromthe surface of
the finger 1 as the outgoing light. The outgoing |ight is guided through
the optical fibers of the fiber optic plate 3 to a two-dinensional sensor
4. Supplied withigHd8 isua gechematiview oha fingerpiintinpub apparatuse sensor 4
forms the fingerprint image. The fingerprint input apparatus has a
measuri ng §GPP%§@8(‘%@ %evqeﬁ?tﬁb@mb@@lam&eto this drvgntionsvi ded with a 1ight
shi el ding portiog. 8 f . ] .ar ex t e lLpght source.2 and-the
fiber optic plat E'£1%g£9f%‘8&®ﬁ'ﬁ9%ﬁﬁ€8&%ﬁ%&s bﬁw?% a iRfragtivensi onal

| mage sens ' fd et ' ' ' i

age, SEnSidexiof § LEDbakapel bR P FIGnPHAETARE VR ALED,
circuit 24pgagkageds evhtadtedasitie anfiryst ('Pmaﬁgewm?d é&'\ﬂé@ﬁ)?ﬁ the fingerprint
i mage to produce an inmage processing outpuf signal. The fingerprint inage

processing circuFigs. 20/canpdi208 aréa schernalic «imng sindoa pldwviewwiofaal to a
fingerprint collation <circuit 25. The fingerprint collation circuit 25

carries oufingerpsintinput apparatusiancordisgdesan etghthaobedimentsof thisnt i on
relies upon a ?asi_c technique in which the light source 2 is arranged so
that the |INYSNUONeANEhe | ght source 2 enters into the substantial center

Chat 'the lignt stk &899 view 3RoMInG n Bigpth sy clstiubed of fiferphRL " °"
contact W jrfiag8?ehd M4 tho-dimensional image sensor of the fingerprint input ‘
apparatus without an LED below a first joint.

Descrinfi f the.Pref | Embadi s:

Now, description will be made of several preferred embodiments of
this invention with reference to the drawing.

At first referring to Fig. 10, a fingerprint input apparatus according
to a first embodiment of this invention is of an optical tranémissive type
and cbmprises a fiber optic plate 3 having a finger contact surface with
which a finger 1 is brought into contact in arder to pick up a fingerprint
image of the finger 1, and a light source 2 for emitting light. The light
emitted from the light source 2 is at first introduced into an inside of the
finger 1, is scattered within the inside of the finger 1, and comes out of the
finger 1 through the surface of the finger 1 as outgoing light. By the use
of the outgoing light, the fingerprintimage is rformed. The light source 2 is
arranged so that the light from the iight'source. 2 enters into a substantial
center of a part of the finger 1 including a ﬁrsfjoint on a palm side and that
the light source 2 is adapted to be brought into contact with the finger 1.




In the existing technique, the light irradiation is carrieg}]fut %3
follows. The light emtted fromthe |ight source at first 2%t o the
air and is thereafter irradiated to the finger. Aternatively, the |light
emtted fromthe |ight source passes through the air, enters into the
finger position guide or the like, corf&§gs out fromthe finger guide, and
then enters Into the finger. Therefore, 50 to 80% of the light quantity is
lost. In order to conpensate the |oss, the |ight nust be introduced into

the fi nger f r om Preferabiysthejpastiafithe fises hinghiding the firstgointion thee neasur ed

portion, guang i t nsi der ab | f etween a center
area and a mﬁ%lsa? regiosy ghggiB %%ﬂ&heimrtaetfb Jplrgjmf the

i ntroduce d re sure In this
|nvent|ondﬁl§;&ﬁ &%&é@ikgbt e,gpgg ' E’E@PE‘F F%tri r‘gé’ﬂ/\f@@n t he
first joi f red
porti on. arhSEol i Rhad A3 é’S’&r% %ial"é%ai"%aﬁ%gﬁ‘éé i,

cor r espondihedfiniger thanf thesfirsi Wﬁ]:mt b?r’«d)mm éﬁafaedifﬁ?emufﬁofarﬂfér'f?&rﬁ thé' stance
fromthe neasured portion. ht advances over

above- rrentﬁngm'dipdhanathed'rstjmnl byHOmm mmepalm side lpf the Iﬁﬂgérnger 1 so
that the nonuniformty in li quantity'is reduced. |In conparison, in

| Cﬁsel V\ﬂer e the 1 %lﬁbef9plﬂp gteaaé‘@ngpmes ??bur@dlem|a piusality off optigal | nger 1,
that the ftttger e ian(EGR e NeheRalnos B at s goduoe nerine miis ?r%nt |

(rst pors sefiefBd in HSnses 1 Bnd Smss ot i 1h8 s O ffe Lor

of a rreasvaecthetwdtg@m@ﬁgﬁt t hFhé busgomgllightli&lgumewtrﬁ@ ﬁ'}ﬁénbg]lch[;e i ght

guantity in the center area, which tends to be dark ntlo ove,
t he neasurfdaerswfithediher apimt plate Brigea ttwp-d:mamnomaiesermwmstSuppned:r eas ed

as a whol g ?ﬂ?hé %%tagl% h(%r me Xué-rgjnl'nle%smrgaul?Qitalgteysénssosruf Porne'nfss tehde
fingerprint image.

The fingerprint input apparatus has a measuring surface (or a
finger contact surface) provided with a light shielding portion 8 formed in
an area except the light source 2 and the fiber optic plate 3.

The fingerprint image formed by the two-dimensional image sensor
4is senttoa ﬁngerprint- image processing circuit 24. Supplied with the
fingerprint image, the fingerprint image processing circuit 24 carries out
predetermined image processing upon the fingerprint image to produce an
image processing output signal. The ﬁhgerprint image processing circuit
24 supplies the image processing output signal to a fingerprint collation
circuit 26. The fingerprint collation circuit 25 carries out fingerprint
collation. |

~ As described above, this invention relies upon a basic technique in
which the light source 2 is arranged so that the light from the fight source 2
enters into the substantial center of the part of the finger 1 including the
first joint on the palm side and that the light source 2 is adapted to be




13 June 2006 16 The above-nentioned effect is seen fromthf
3r¥ tﬁlohﬂ read by

actual neasurenent illustrated in Fig, 11 (brightness dis

the two-dinmensional image sensor 4 in Fig. 10). Furthernore, in this
invention, the finger | is brought into press contact with the |ight source
2. Therefore, the |light does not pass 1t§rough the air so that the optical

l oss at the boundary between the finger 1 and the |ight source 2 is

r educed. ptical loss is snmall, the |ight
source 2 dﬁm%ﬁ\ghtﬂ‘?gﬂv&%&ﬁﬂi Hie' g{'ﬁ% @i ent Specifically, by arranging the
I'ight source 2 af ible to
achi eve both the r}fﬂg}ﬁ‘t&f'ﬁgﬁ g@?ﬁ ﬁ rﬁédlbﬁ) 'ﬁﬁ ?ﬁ'@"%‘fﬂgﬁ%n nt i mge
and the edfeiloves.ngThéfight eniltted i ansil tts%ré@avﬂrét@rgéﬁswnw thé Gt

quantity. By t he basic techni que described above, the sadvantage of the
exi sting tabd nsdh@reaétermadmtedutuﬁnalﬂngetuppﬁemww thedightemittedever, by

conbi ni ng t echni ques, the perfornmance and the stability

|
](cj_url ng act{lam tll% 98%‘%@% Pﬂﬁ&ﬂﬁeﬁg'r@t!lhﬁbe i, B)'!t@!gfmtr?bthdegfmgele?SItIﬁﬂ a
i ngerprin ratus_accordin nd embodi ment of this
i nvgnt !Don é\’i"lqép@; @%’I% 58#05@%%8]"9@5 andothegl elntaraénmmer optic
| at 3 h t I t
Pngl ?nat i on %FF‘]gI g%e%[}gs% m %@f@/ﬁ.ﬁ &]‘faergﬁg lqs&) thF %Irl neat oa'?he
finger contmmpensatette Rss, e i H?ﬁ'n%‘itﬂe?:n?ll ed Btﬂ-}é‘@ﬁ&g@@{ e

t he nonuni formty in |ight quan Ity 1s reduce
i nproved. dosegiroximiteota madsurem?eﬁi(ﬂ‘i Ngethe! ﬂn@ﬁsuféﬂ‘ﬁbﬁﬁp%h qi;gﬁ'?l €
es

measur enent can he carried out erring to Fig. 13 cription wll
be made ofduRnityris copsiderably different between a center area and a peripheral
area close to a position where the light is introduced. This inhibits stable
and reliable measurement.
In this invention, an intermediate part at an intermediate position
between the first joint of the finger 1 and the fingertip is used as the
measured portion. The near-infrared light source 2 is located at a
position corresponding to the first joint and is spaced at an appropriate
distance from the measured portion. While the light advances over the
above-mentioned distance, the light is scattered within the finger 1 so that
the nonuniformity in light quantity is reduced. In comparison, in ¢ase
where the light is irradiated from the lateral sides of the fi inger 1, the llght
quantity is nonuniform and insufficient in the center area so that the
fingerprint image is dark in the center area. In this embodiment, by
arranging the one light source 2 at the position corresponding to the first
joint, the light from the light source 2 not only irradiates a part of a
measured surface near the first joint but also compensates the light
quantity in the center area, which tends to be dark as méntioned above, of
the measured surface up to the fingertip. Thus, the contrast is increased

as a whole and the nonuniformity in light quantity is suppressed.




of the above-nentioned effect. In Fig. 13, each of arrows i@ gpﬁgents'
the intensity and the direction of the light incident to e in the
finger or emtted froma point acting as the |ight source. The ref erence 13
June 2006 17 nuneral 20 represents a cladding of the optical fiber, 21, a
core of the optical fiber, 22, a flngeﬁerint protrusion (ridge), 23, a
fingerprint recess (vaIIey) Po a position deened as a two-di nensi onal

| ight source, Pl, a position near the two-dinensional |ight source, P2, a
~position far frofheabovemmentionsd emict ig §één$|w:'ﬁ<tﬁe Eéultﬁfaeﬁlaﬂ,' on in the
fingerprint protrusion near the two-dinmensional sour ce a

position | rmeﬂs,uwerngat lustrated i Pigs ﬂe@ngtﬂnesg\dgsmmr@npé@dmgltggt sour ce,

P5, a p05|t|on in the L 3erpr|nt rotrusion far fromthe t di mensi onal

|i ght sour dWO-ginensiongLimags sensend inifrigetp).i n!ertbeEmeré dn thisom t he
' d P to P6-18, ht di t
5% 1 650 e SR e
t t
Dapt od t o weretirentnlighfaods et paRkhifbuah Al Sginaiikoeic 0ss ot ©
Spoci {1 oal Ly xpenary beweeniherpis .Pﬁﬁ‘a.tﬁg."g'éﬁ?f’@ ¢ 27 el 0 3 o

Specifically, the direction of t in Fig.
13 will beOﬂaﬁrswaed:acbeaausesthesephm lossis Siallstife hg SurcB B fiy@R byl the
one

t wo- dlnens onal ght source formed by reflection a finger or the
li ke. Then! OWIHQW‘F grsuffieient.neSpecifically, IRvavanging theolight scurse anat the ght

E?Ere?edf‘?ie?%{sﬁilgg%éfﬁaquh'aﬁﬁt Jhie R sibie Grachive beth theightieg sfiect
;e)lr Iolt IrOL!sFgL\sgﬁ??t(tﬁefoabov%q‘nei?rﬁgﬁggﬂ?ghwq %q'éﬁiﬁﬁggﬁ%%ﬁ@aeilg , due to
the shade stppressing tiey nehunifermityen ligheqdahfi! | By tre BA&i8ELNnGRNYed
described above, the disadvantage of the existing technique can be
considerably suppressed or reduced. However, by combining the

following techniques, the performance and the stability during actual use
can be improved further.

(1) Referring to Fig. 12, a fingerprint input apparatus according to a
second embodiment of this invention will be described. Each of the
optical fibers of the fiber optic plate 3 has a fiber axis inclined towards the
base of the finger 1 at an inclination angle ' (45° < 6'<60°) with

respect to a normal line to the finger contact surface of the fiber optic plate
3.

With this structure, the nonuniformity in light quantity is reduced
and the contrast is improved. Therefore, even under inferior measuring
conditions, stable measurement can be carried out.

Referring to Fig. 13, the description will be made of a mechanism
of the above-mentioned effect. In Fig. 13, each of arrows 19 repreéents

the intensity and the direction of the light incident to each point in the
finger or emitted from a point acting as the light source. The reference




(P3-1 8 and P5-18 in Fig. 13). If the fiber axis of the opiﬁfal fhger IS
oriented in that direction, a greater quantity of light i 2980 ced
within the total reflection critical angle (0 o in Fig. 13) of the optical
fiber so that a bright portion becones nore bright. On the other hand, the
light entering into the air layer at t4qpe fingerprint valley is remarkably
scattered because of large refraction at the boundary between the finger
and the air and 13 June 2006 18 reflection between the valley and the

finger. Th&usheal 20 fepresgnts aicladdingrof the opticalfiben 21 dste Gppeoaches a
circle (P4-1§ a &EP6:%§ ip Fig. 13). In addition, reflection is caused at
t he boundafy 'B@P @ <ot & ¢'%é'§|t@f0trtl80rdtﬁidg&ij 23] béingenprintrecess.

Ther ef ore, i ght i nckdent, to the optical fiber is further reduced. Due
to the abO\(/‘seé-]%Lyrlt FB’n%tﬁ’%%étg@'bﬁg?"l as iagﬁ‘«f}-ﬂimenﬁtonaéllgbys@m, fyt ahave a
significan ' ' i | Iy Lon of the optical fiber axis.
Fu?t her nor E?gﬁyﬁ%‘i‘ % %ﬂ'&'@gﬁg l%é@ﬂi ser"‘t%é 2 Fe?qﬁﬁ‘?fﬂ & frowethes or e,

t he refl ectwodimersi igM&oereede] f Eit:lnAGhH ' ' i nci dent
angle 0 1) is elqual Kfrgé'glrglgr eat er’q?:'f"naanbgﬁgpﬁg'}s] t@%ﬁiﬂ%mﬁ'%ﬁt ISI0Rher ef or e,

the direct néar theitwoedimerisiond! light isoupsé, aP,, of pb&EoARA itﬁ?‘ﬂn@bﬁﬁ@nﬂ s related
val ues. an

to the position of the light source and have optimm
exper i ment EiCaSgdiear thentwo-ginensional light source, . agdskor ibtie optic  pl ate
ot eh, S B8R B Gor b R irionl ko soone, Barer o0 L
L oft | S uBsanbASAA AhcBint et ook s bt Hieleforialoht coveag, 1 *°
rae S peri RISty MO ateet bands Bfhe BhSoh o G Hancc 1o
The el ect rdtaialiteflealivrepiopagationi&itical angle in the optical fiber.
The finger has a nature adapted to scattering of light.  Therefore,
the light direction distribution in the finger is approximate to a circle as
shown in Fig. 13. Specifically, the direction of the light inciden{ to a given
point in Fig. 13 will be considered. It is assumed that Py is a center
position of the two-dimensional light source formed by reflection at a finger
bone or the llke. Then, the light from the position P, of the two-
dimensional light source has strong distribution. However, the light is
also incident from other directions so that the light direction distribution
has an elliptical shape (P,-18 and P,-18 in Fig. 13). Atthe fingerprint
protrusion also, the above-méntioned tendency is observed. However,
due to the shade of the valley or the like, the direction is slightly changed
(P;-18 and P¢-18 in Fig. 13).  If the fiber axis of the optical fiber is oriented
in that direction, a greater quantity of light is introduced within the total
reflection critical angle ( 6 . in Fig. 13) of the optical fiber so that a bright
portion becomes more bright. On the other hand, the light entering into
- the air layer at the fingerprint valley is remarkably scattered because of

large refraction at the boundary between the finger and the air and




grounded. Referring to Figs. 15A and 15B, a fingerprint inqgi aqfaratus
according to a fourth enbodi nent of this invention wll be W 4998d.  The
el ectroconductive substance 13 clinbs up on an end portion 15 of the

finger contact surface of the fiber optic plate 3. The el ectroconductive
substance 13 is a |ight-shielding substance. In the existing thin-profile
fingerprint input apparatus, the influégge upon the characteristics of the
t wo- di nensi onal i nage sensor 4 or the destruction of the sensor 4 due to

el ect r ost ateflectibArsstversTHEN A aiglf‘l th%eﬁné{'élr_g g]’fﬁp%@?e.lt%é éﬁi}ﬁfﬁiéﬁgﬁ)t |

negl i gi bl e al t hough the sensor 1I's 0

ef fecti ve distribution furtheraammoachess gpefer - bS 18l tign, fhe
peri pheral end face of the fiber optic pl(ﬁ‘e']%apghg ;]rso'ﬁﬁgdjigg tlk'e :

el ect r ocorRiidtiovereflactionscasedatheabountaty, boivaery ahainy f4e offHFt ric
conducti vi t .aqggfhg%éiﬂﬂi shiglding ability. A part of the
el ect rocorﬂfﬁm ef alr.1 3Tharefere rihedfghtrincident te the pptitabfibdsisof  t he
fi f : di th  ect ducti bst 3,
the el ect nHCfir TEAURET. Bt abdve riemiianed omsons, therlight i fhs y

d. | Idd ' bst e 13 ., t I d
indos 1 o ey ades ot hife @ SEMMEH Certerifd Wikt B Rcinatonsr shet aco. of
the fib tgiat i is3. i | t 3 h
oubl & of fapt ot NPSERICE. Fintherhof, N CHICAYHYIET) KosttiRuiE 2ppar at us
accor di ng refleation.i f Therefooe, theteflaictibnlis sﬁﬁbléf @Qﬁéiasﬁéa‘ﬁ’ thb AR act

ed Wt

surface of the fiber optic plate 3 is provi a protruding portion 5
adapt ed t @nglg (iBGidentangle ngds enqpablo ohgreategtiranl8 0% cepshéwa in Fig. 9.

above- mentonath A HHELHSH Hhd 1S angle of inclination of the optical fiber is
related to the position of the light source and have optimum values. As
an experimental fact, it has been found optimum to use the fiber optic
plate in which the optical fiber axis is inclined at an angle of 45" to 60° with
respect to the normal line, and to orient the optical fiber towards the light
source located in the vicinity of the first joint.

(2) Referring to Figs. 14A and 14B, a fingerprint input apparatus
according to a third embodiment of this invention will be described. The
fiber optic plate 3 has a peripheral end face surrounded by an

~ electroconductive substance 13. The electroconductive substance 13 is
grounded. |

Referring to Figs. 15A and 16B, a fingerprint input apparatus

‘according to a fourth embodiment of this invention will be described. The
electroconductive substance 13 climbs up on én end portion 15 of the
finger contact surface of the fiber optic plate 3. |

- The electroconductive substance 13 is a light-shielding substance.

In the existing thin-profile fingerprint input aﬁparaths, the influence
upon the characteristics of the two-dimensional image sensor 4 or the

destruction of the sensor 4 due to e!ectrdstatic charges accumulated in the




first joint in order to position the finger 1. The protrudiygp@ rb%on 5 has
a section such that one side faced to the finger 1 extend %@ he
finger 1. Referring to Fig. 17, a fingerprint input apparatus according to
a sixth enbodinment will be described. The protruding portion 5 is provided
with an additional light source (such 3§%an LED chip) 6. Light emtted
fromthe additional |ight source 6 pas t hrough the protruding portion 5.
Thus, as illustrated in Figs. 16 and 17, the protruding portion 5 is :

easur emer 0TS TAHRSIRIE AR B seRRGLs o PRficdt P nvcel bl o and
has a gencThbtefors, A efiealive eplistitic SltargaMmeitiS HesitediaCt ifiisde { ouched

with the finger 1 has a shape fitted to rve of inger 1 so'that

no unconfinvention, fheeperipheral endsfaterbbine filser optiteplats 3t vunrpsundifause of
13 June 2006 20 Fresence of the guide (protruding portion 5), a finger

cont act ark¥ the elecitaaanssictive subsatance dd, suchras mietal; hawing bdth tireough t he
hee t he SleBhCRoRdushity g e lighb shipiddd 2iltys "gdbalt afthe: 1 angul 2 . ¢ he
the 11 ngerStecifisBhaletve SlBStariie, £3 bl i uRBRES Ik ehd pottien dat .
0T di e e Raobsirace,  Betitiiding the BRclioBBfubvel’ ¥\ ° f e

(protrusi cubistanod 3, ke felre?d:tr@étatibe:ﬁdrgeg actumulateddhahe. firiget isi ght 1's
alnost entirely transmtted into the finger 1. In case where the finger 1

i s a snul |effeciiyely escaped. ekmmgdition thaidlectrodonductiversubstdnes 130t t ouch

t he gui de rotrusion,5) .angd the aboye-pentjgned optical mechani sm does
not wor k. é&@‘é dp avoeid H}'QPSE' BHRMENP e&ernﬂtglﬁttghancgm darqughn@ t he gui de

(protrusi agals Mfee &f AL Mb& optic b8 R FhiE $h el dfoconductive
~ substance 3 has double effects.

- (3) Referring to Fig. 16, a fingerprint input apparatus according to a
fifth embodiment will be described. The finger contact surface of the fiber
optic plate 3 is provided with a protruding portion 5 adapted to surround
the fingertip of the finger 1 except the above-mentioned part including the
first joint in order to position the finger 1. The protruding portion 5 has a
section such that one side faced to the finger 1 extends along the finger 1.

Referring to Fig. 17, a fingerprint input apparatus according to a
sixth embodiment will be described. The protruding portion 5 is provided
with an additional light source (such as an LED chip) 6. Light emitted |
from the additional light source 6 passes through the protruding portion 5.

Thus, as illustrated in Figs. 16 and 17, the protruding portion 5 is
formed as a guide for positioning the finger 1 to perform fingerprint
measurement. The guide (protruding portion 5) is light-transmissible and
has a generally triangular section. Only an upper surface to be touched
with the finger 1 has a shape fitted to the curve of the finger 1 so that no
uncomfortable feeling is caused when the finger is touched. Because of




finger 1 and injected into the finger 1. Wthout the guide %Frotr %i on 5),
t he above-nenti oned conponents of the light are not subst ah ‘éﬂelzyg tilized.
(4) Referring to Fig. 18, a fingerprint input apparatus according to a
sevent h enbodi nent of this invention will be described. The guide
(protrusion 5) has a slant surface V\hi?ﬁis defined by the one side of the
section faced to the finger 1 and whicli1's adapted to be fitted to the
finger 1. The slant surface has a light shi eI ding portion 7 fornmed in a

first hal f presegicenoftw guide (tpﬁféﬁ*uafng‘ﬁ@rt‘bh 2 fl q%r@?ﬁl‘a%hr%é the

additional light source 6 is irradiated t nger roma second
hal f regi cimcoéased sothabilluminating lightenitted thragH the gﬁldé“@rbtrﬂ%h . The

guide (protrusion 5) is positioned in close proximt nmeasured
surface. THGWHBHLO thed nga;nﬂ in agreater qyardléy ( pSMO&JH"na)seﬁ)orrra&thebe

I nci dent to the sur ed urface 0 .cause op i cal crosstalk. In addition,
goiigian 5X

in case wh@hige (L0 HSiAn P&1§ %?'F%(Yéﬂanﬂ'tﬂéﬂt 8 lighigeflected atthe otheti ti on at
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nonuni f or niouzchied witigithe fimgants, t (Fig.
10), the second (Fln. (.?LZ) themeﬁﬁ?ﬁ?’g%@'?ﬁ?%ﬁ?ﬁ@(@uéﬁ 17), and

t he seventbetpmen thHBmaietlanﬁthangdé (proteusion S)tandnthe $Kin of iledfingerm ce 2
pr oduces ar mfr&g j ght having a wavel ength between 82 and 980 nm In
case where 'BW@fW% e &m&%ah“%t entireliransmifedinio thedfingerolir cle, | ght

2L enult Bl I HEGeE 1 B Foh P 6 taipte, 3R, e g™
1 does not touch the guide (protrusion 5) and the above-mentioned optical
mechanism does not work. However, lateral components of the light
emitted from the guide (protrusion §) are irradiated to lateral sides of the
finger 1 and injected into the finger 1.  Without the guide (protrusion 5),
the above-mentioned components of the light are not substantially utilized.

(4) Referring to Fig. 18, a fingerprint input apparatus according to a
seventh embodiment of this invention will be described. The guide
(protrusion 5) has a slant surface which is defined by the one side of the
section faced to the finger 1 and which is adapted to be fitted to the finger
1. The slant surface has a light shielding portion 7 formed in a first half
region near the base of the finger 1. The light from the additional light
source 6 is irradiated towards the finger 1 from a second half region. of the
slant surface near the fingertip of the finger 1.

The guide (protrusion 5) is positioned in close proximity of the
measured surface. Therefore, the light from the guide (protrusion 5) may
be incident to the measured surface to cause optical crosstalk. In -
addition, in case where the light is introduced into the finger 1 from a
position at a very small distance from the measured surface, nonuniformity




di stance between the light source 2 and the measured porti?$ soztg t the
.nonuni formty in light quantity can be reduced. (6) In the 112098 0di ment
(Fig. 10), the light source 2 conprises an LED 2a as a light emtting
element chip for emtting the light, and a package 2b nade of a |ight
transmtting plastic material and envelgping the LED 2a. The |ight
transmtting plastic material has a refractive index not greater than 1.8
which is a refractive index of the skin of the finger 1. Thus, the package

2b of the Irdlighbquantitydistinotéaseldy dntviewssfathenibowd, asparnt veRy eldsd) o .
CGenerally, no attention is paid to the refractive index of “the plastic
material . fRAERASUNed surdase igceverediwith mlightshielding neateriak wformi tHe | ow
electric r ...t .0 s necessary to increase the |ight transmttance ‘to the
finger ovolo $Iyﬁiq"99 BOTEPBr 458 thatihe erasstalkand theaxorunifarenity inslight
materi al | | S. £l ose as possible to the refractive index
(1.8) of ﬁHgﬁEMﬁ%%apﬁ&%ﬁer I—|0vve\F/)er, In a range snmaller than the
refractive inde frieesfs r ' . a ' nee, . S t
‘remar kabl e. As a‘s)gie-'y rec'st gﬁgéq%ﬁ@%ﬁ%@%@‘é'@aﬁ??&hé%&ﬁ%{&tﬂi‘%e I ndex
P) of the Fieg Iy [ i i ol S, event
(P) sixEP(Figrckggantdane Seyep(t)ﬁ (e 13’)%26(2![1‘?@& };;Jof?hls |Hv%ﬁ‘ﬂt5n

the optical loss is suppresse or“l'es transm it ance bei ng
0.80 or nothg lightssadrcaua pradocesAeatintrarien Fght-haling aeavelengttf i nger (100%

7B Chi. Aebighn B2 and SR indosesnhets ha ghesourss & adninaar [P -
o172 Lk B SERECL A ERR A SRRt L bl o RSk a et 0
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distance between the light source 2 and the measured portion so that the

- nonuniformity in light quantity can be reduced.
| (6) In the first embodiment (Fig. 10), the light source 2 comprises

an LED 2a as a light emitting element chip for emitting the light, and a

package 2b made of a light transmitting plastic material and enveloping

the LED 2a. The light transmitting plastic material has a refractive index

not greater than 1.8 which is a refractive index of the skin of the finger 1.

| Thus, the package 2b of the LED 2a is substantially atransparent

plastic material. Generally, no attention is paid to the refractive index of

the plastic material. However, in the fingerprint input apparatus operated

with low electric power, it is necessary to increase the light transmittance

to the finger even slightly. Therefore, the refractive index of the plastic

material is desired to be as close as possible to the refractive index (1.8)

of the skin of the finger. However, in a rangé smaller than the refractive

index of the finger, decrease in transmittance is not remarkable. As a

desired range‘which can be realized, the refractive index (P) of the LED

package material is not greater than 1.5. In this event, the optical loss is

suppressed to 20% or less (light transmittance being 0.80 or more), as




fingerprint input apparatus according to an eighth enbodi g Oe%@bgi S
I nvention utilizing the above-nentioned techniques (1) tom(:f ;h.m rring to
Figs. 20A and 20B, the finger | is pressed along the guide 5 against the
fiber optic plate 3 in which the optical fibers are arranged with their

axes inclined. Sinultaneously, the fing® 1 is placed so that the first
joint of the finger | to be subjected to fingerprint neasurenent is

contacted wth a ng_ar-i nérared l'i ght source 10-1 (corresponding to the
|i ght sour 8OWN iR Gy 191(segR > fingen (H0R% cantatydaFigo19).helrf cagerti p, a

d s di d ilot | dafi
posi {1 on_gaTeee GG flote S35 crich ames qutdiostithe package et s
| aced. Th ' i de. \opm 5). T ,
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Since the ppenh-advariing flond e ik agge%'tﬁefﬁﬁslasr@'?ﬂ.t THereforg, B8 the

| i ght sour&e 10-1 can be press I nst the ] oi finger 1
over a wi diitstrated in Rigudtd, hiven the refraativé inddx (FEP6F thal I p%la ' sour ces
10-2 for irradiating light fromthe |ateral sides of thléE ing‘lé‘# are
arranged afmatgtal iscequaldast.Sntheopticahlossfis 6886 or nudre. si des. The i ght
sources 10-2 irradiate r}%aé,glsn rared |ight obliquely fromthe | ower sides

t ff

to ‘the lateral CIRIEings _ gg@nqu ,aggﬁriphenfwin@enm of an gui de
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li ght sour@¥ddecy againsiitbediber optic plate 3 in which the optical fibers are
arranged with their axes inclined. Simultaneously, the finger 1 is placed
so that the first joint of the finger 1 to be subjected to fingerprint
measurement is contacted with a near-infrared light source 10-1
(corresponding to the light source 2 in Fig. 10 efc.). Ata position faced to
the fingertip, a red (or green) LED 9-2 is disposed to serve as a pilot lamp
and a finger position guide. With the LED 9-2 used as an indicator, the
finger 1 is placed. Then, the finger 1 touches the guide (protrusion 5).
Therefore, even in a dark place, the finger 1 can be placed at a proper
position.  Since the near-infrared light source 10-1 has a flat upper
surface, the light source 10-1 can be pressed against the first joint 6f the
finger 1 over a wider area. In addition, a plurality of near-infrared light
sources 10-2 for irradiating light from the lateral sides of the finger 1 are
arranged at four positions in total on left and right sides. The light
sources 10-2 irradiate near-infrared light obliquely from the lower sides to
the lateral sides of the finger 1 through the finger position guide (protrusion
5) made of a light transmitting material. Thus, the light quantity on the left
and the right sides of the measured portion is satisfied. For illumination




In the above-nmenti
: oned manner A~ _ .
producing the i e the guiding Iight
d! sposed aroundl ?Ete ]]:?rb gui di ng the finger | '?0 tﬁgurfgs 9-1%5and0 9-2 for
Flgs. 20A and 206, the gér?BL'C P'ate 3. In the enbogingﬁ[ ilfm%igg are
rame ia metal s , eral end face of the fi | lustrated in
t hi s enbodi nent hgiogﬂdgga ?s el ectroconducti ve su];)!s?g;\cgptlc 13. is metal
plate 3 so as to avoid ace fl @h with the surface of a metal frame in
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icgntngftggl;ffb‘t.a fi_rSt gl ance, it seerkys tﬂE 0 ! _ i
{4l BB BT medsied T4 LR gaRtecls W th the finger 1

conduct -
ol ectri e fiber optic_plat . .
o €511 gorfdicht bydoumred L 05 A s A e e o0
TP gaanaing et PR ainguaceof bk perif =*
( , et A . I nput ;
L g SOTSLAIRE Pesogre e T
asured - < ' ' e
° msuﬁi\fgaéﬁ@?é.gﬁmiéhéwmamémﬁg gridg HSB{JQ"‘A 9 add aoa 1O
S a

conpact struc
and the , yet resistant agai _
child 09? k%rﬁal é;‘&icﬁ]&[)ée)ﬁﬁnﬁégdrig;gdinglthe g@ﬁ?ﬁf@hﬂ%ﬁﬁj&ﬁ%ﬁ&ﬁﬁtﬁn grechar ges
a wider ) sured al sp. Thus, this i : nger of a
pl at e uﬁ%ﬁﬁ@?ﬁpﬁaﬁ?ﬁ%@f ical fiber i s of tha fiber ontre |
a . % d i ; A |

e T e e RIS T
the neargpdiace etthectioert oRtiG BIASS 'Iggggggaea@mmlfmmé%%@g“{ jonin
pstance 13. The metal frame is grounded. The

d face fiush with the surface of

electroconductive su
metal frame in this embodiment has an en
the fiber optic plate 3 so as to avoid an uncomfortable feeling when the

finger 11is contacted. At a first glance, it seems that the contact with the
finger 1 is not sufficient. However, pecause the metal has an excelient

ctivity and the fiber optic plate 3 has an excellent insulation, electric

condu
re discharged towards the metal

charges accumulated in the finger1a

frame when the finger approaches thereto.

The effect of this invention is as follows.
ate, the two-dimensiona
bout 2mm on a single plane and in

In the fingerprint input

apparatus, the fiber optic pl | sensor, and the finger

guide are received in a thin space of a
measured surface of the finger. Thus, the

mpact structure aid is yet resistant
the external disturbance light. In

~anarea adjacent to the
: ﬁngerprint input apparatus has aco

against the electrostatic charges and
mall finger of a child or the like can be measured also.
plications. The

paratus has an
betweén 45°

addition, the s
Thus, this invention isa
optical fiber axis of the fiber optic plate used in the ap

clination angle within a relatively narrow range
the longitudinal direction is not

dapted to a wide range of ap

optimum in
and 60°. Therefore, the resolution in




electric power for lighting the LED Is saved so that the fipgerprint input
apparatus is suitable for a mniaturized nobile tel ephone égg‘%ﬂea?tolg . In
addition, the finger guide in Figs. 20A and 20B is nade of a transparent or
a semtransparent resin and has a refractive index of about 1.4 to 1.8
which is relatively close to the refracg4ve index of the skin of the
finger. The light in the guide is introduced into the finger at an

ef ficiency of .40% or _nore. As conpared with the case where the |ight
passes t hr 8agificed. aBy, the use of the near-infrareet LEDX ofz highieffitidncy30% or  mmor e

Fig. 19). [The.electri r for, Lighting is reduced correspondingly. The
(LEDg arr aZ] g@l?q%ﬂc P eR/foi '&%ﬁgdketlk@f $ savedxmthaiibe fingenpriet inpat t op
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source 2 i@ Sengitrankparent résin/aral nad b @i ivbdhlies it byl -1 41 05, 208

and 20B) is used, the fingerprint image shown I | ai ned. .
W t hout * t hehigibiserelativielyctiose to g refoactiee irfdx obibesKinof Hi@fRgeRow in

Fig. 21 i an illumnating nmethod used inTcase of Fig.

_'21dvvi |h | b?ﬁéi@hﬁfgme% 'Li irssitg’ﬁmdsn@gddatg; meeﬁmgfemmh f_efﬁci&rmyr‘o@ow‘@- : _ef':]
o tre MRer! AR cOmparli vITEHE Sa56 Whare inadiaht passes oLl sine. j t
b . ' ToTas oo o Flas. 2A

oo TnE i RS TGRS BRBLive i fsed BTR0% ot rhotd' Tiba18] T efbetid! oanr
center ar geowenfériyhting & Rsdutied EB98spdidifgly. Fhe LED é@%ée@ﬁﬁﬁﬁé area

seens to lose the contrast. The fingerprint~i'nege isre

~ two- di nenVicimity afdhedirst jainfrand hating & @at topgiifade atbwe'srBbsMeBtich of

distri butiﬂnkf's sho&leon the right side of the fingerprint inmage v%i | e the
t r ansver saNedMAH: ndderefare; tir apparatuscrnibe used with comfortable feeling

and the stability of measurement is not degraded.

~ In addition to the practical effect 'mentioned above, this invention
has the following essential effect. In case where the light source 2 in Fig.
10 (or the near-infrared light source 10-1 in Figs. 20A and 20B) is used,
the fingerprint image shown in Fig. 11 is obtained.. Without the above-
mentioned light source, a fingerprint image shown in Fig. 21 is obtained.
At first, an illuminating method used in case of Fig. 21 will be described.
Two light sources are arranged on each of the left and the right sides of
the measured surface of the finger to inject light into the finger. ‘Most of
the existing itluminating methods adopt the above-mentioned arrangement,
One example is illustrated in Figs. 2Aand 2B. In this case, the fingerprint
image is particularly dark in a lower cénter area. In the fingerprint image
in Fig. 21, the lower center area seems to lose the contrast. The
fingerprint image is read by the two-dimensional sensor. In Fig. 21, the
longitudinal brightness distribution is shown on the right side of the
fingerprint image while the transversal brightness distribution is shown




13 June 2006 25 below the fingerprint image. The | ongitudi ngllJ Wgt ness
distribution at the center has a contrast which is small a37% e and is
further reduced towards the base of the finger. The transversal brightness
di stribution has a contrast which is not sufficient over a wi de range

around the center. |In case where the cpgditions such as the contact by the
finger and the dryness of the finger are not good, the neasurenent is
unstable. In this event, nalfunction will be caused or, in the worst case,

the measur below thedingespeet image. nThedengitadinalbrightiesst distritngivi aci ent
contrast _na%l onfd above, the anpunt of calculation is considerably
i ncreased. (NG CENtIhAS & canirast yhichris syaall asecwhale and is furtherraducedwer
consunpti o ' e l.n total cost. On the. other hand, by the use
of 't _hreTp K gﬂ?@&lﬁa@b‘e balss 03?*59 ﬁfée(orlr % ranggrsal rghtagsq_s idj‘htﬂbybgﬂtce_ 10-1
in Figs. | creased in the center ar
int hg | ong‘léts %?ﬂéf@g ‘(Jfa’('l??’} @nﬁ%&ﬁ?c@: tﬁ%%%owi%n@%qeowrgﬁ@ Fef ore,
th : . t

e nonuni {ipeabewisbre-idl 6arditibAs Wﬁtﬁéﬁgga\ﬁ’pﬁwggﬁhpygglaﬁﬁ}%

fingerprint image shown in Fig. 11 1s tal

contrast i dryress ofthevinger adi necgoed, the ﬁié&?:i!ﬁerﬁ@ﬁt Ik i@ lrﬁl}‘t‘f@m €.
e

Each of the fibers of the fiber optic plate is inclined t owar ds first
joint of t&¥ent,rgafundlien wilbbe catsed or,\in tiye worst casd, thetrheabiheht om t he
light source 10-1.. This conpensates the insufficiency in | i(tght guantity in

the I ongi t FMHRPSYRIG erInHTEET & compensaferthariasifieient contrast erantionedt
optic pl at aooe - anfAdr P IAAUREE Chob eraRicEmestign s resits: i r ot y
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increase in total cost.
On the other hand, by the use of the light source 2 in Fig. 10 (or the
near-infrared light source 10-1 in Figs. 20A and 20B), the light quantity is
- increased in the center area in the longitudinal direction, particularly on the
- lower side. Thérefore, the nohuniformity of contrast is reduced as a
whole so that the fingerprint image shown in Fig. 11 is obtained. In
patrticular, the contrast in the transversal direction is strong and uniform as
awhole. Each of the fibers of the fiber optic plate is inclined towards the
first joint of the finger. Therefore, sensitivity is high for the light from the
light source 10-1.  This compensates the insufficiency in light quantity in
the longitudinal center area of the finger and exhibits the effect of
equalizing the light quantity throughout the measured surface. The fiber
‘optic plate is provided with the metal part formed throughout the entirety of
the peripheral end face and grounded. In case where the electrostatic
charges accumulated In the finger have very strong electric énergy, air
dischafge occurs fo the metal part so as to prevent destruction of the
measuring portion or disturbance of characteristics. If the finger is

contacted with the metal part, the electrostatic charges are




discharge occurs-to the netal part so as to prevent destru %on @{) t he
measuring portion or disturbance of characteristics. If th ‘}nﬁ& 6is
contacted with the netal part, the electrostatic charges are 13 June 2006
26 instantaneously discharged conpletely so as to prevent the destruction
of the sensor or the mal function due tZgthe electrostatic charges upon
nmeasurenment of the fingerprint. The surface of the sensor. is protected by
the fibers which serve as an excellent insulating material. Even if the

fi nger 't outtatantangoushedischarged aomepletelyso as te previntdherdistiuvtionesfsor but
towards thg netal parf therearound. As described above, according to this

i nventi on, IN&,8€N$ @Fiﬁh@ rialfynglion due o the elagtrasiatipchesges upoasni ssi ve type
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i nput appafingestaiich’ et fikéls, \di ' rhti ze. 13
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sour ce f ortowandsithe mietaltpard tiveearobadi ng a finger contact surface with
which a finger is brought into contact, and an i mage sensor for picking up
a fingerprint ind§slessribed above,gacording toi this inventiomadlee §ngerpringbt ai ns
said fingerp ght ,sour.ce introduced into

' [ b he | i f ) id i g
an inside W&%@%{%&y@% °§(t,'§|?P tﬁmﬁﬁﬁsn%lvéﬁirpe is Sbtained in which the

light source is disposed so that the light from the light source enters into
the substantial center of the part of the finger including the first joint on the
palm side and that the light source is contacted with the finger. With this
structure, the ﬁngerpriht input apparatus of an optical transmissive type
can be reduced in size.




Wi thin the inside of said finger, and com ng out of said figggk @Béough a
surface of said finger, and; said |ight source is arranged 3P0 ¢ he
light fromsaid |light source enters into a substantial center of a part of
said finger which part includes a fiﬁzt joint on a palmside of said
finger and that said |ight source is dapted to be brought into contact
with the pal mside of said finger. 2. A fingerprint input apparatus as

cl ai med Leb%hg§g1l, wherein: said part including said first joint on the
pal m si de "d finger is a region between a line nearer to a fingertip

of said fingerqt hanA?ﬁfg‘érrSIjilﬁlﬁhphpéﬁﬁara. ?&QW%%Q([)’Q% %&Gr%gtfol'i ne farther

fromsaid fingertip n 'sai I'rsth jorn e pal mside of said

finger. 3emfitihy ﬂ'i?ﬁt,ﬁa’ blte haRitg é‘ﬂﬁééﬁ&é‘ﬁta%’ésﬁﬁébéﬂﬂtﬁ Whighad fihder gher ei n:
said plate is a Tiber optic pllate conprising a bundle of a plurality of
opti cal fbiweight into ontactgangramimagesénsgfer piockingaap d fimgergrinhincdge m 3,
wherein: each of the optical fibers of said fiber optic plate has a fiber
axi s i ncPl said fingeRtrwberidase of said fi nger at a predeterm ned inclination

olate. the | reAfvaedssergr ootains et fasronnk e Bibellsbl st and s0” ¢
i X T e=Peg I s3dd PBBbol N6 arksiirer SARGERG Ry SBhbRAR B L
G ounded. T o B e g S Dherei s
t he el ectsurfapedofcsaiddinpepsamdice i s shaped to clinmb up onto an end
said light source is arranged so that the light from said light source
enters into a substantial center of a part of said finger which pért includes
a first joint on a palm side of said finger and that said light source is
adapted to be brought into contact with the palm side of said finger.
2. A fingerprint input apparatus as claimed in claim 1, wherein:
said part including said first joint on the palm side of said finger is a
region between a line nearer to a fingertip of said finger than said first joint
by 10mm and a different line farther from said fingertip than said first joint
by 10mm on the palm side of said finger.
3. A fingerprint input apparatus as claimed in claim 1, wherein:
sald plate is a fiber optic plate comprising a bundle of a plurality of
optical fibers.
4, A fingerprint input apparatus as claimed in claim 3, wherein:
each of the optical fibers of said fiber optic plate has a fiber axis
inclined towards a base of said finger at a predetermined inclination angle
with respect to a normal line to the finger contact surface of said plate, the
inclination angle falling within a range between 45° and 60 ° with respect to

said normal line.




portion of the finger contact surface of said fiber optic yg?te 8
fingerprint input apparatus as clained in claimb5, wherein: g 2906

el ectroconductive substance is a |light-shielding substance. 8. A
fingerprint input apparatus as clainmedg n claiml1, wherein: the finger
contact surface of said plate has a pfotruding portion which serves to
position said finger and which has a shape such that a fingertip of said

sl d Tirst Joi f ndgg\.ft@’é&f@#ﬂ P TAnit BR A, et 1T BBl WhellBin nac “one
side faced to ?é‘l!dchtf r fnejlqggss?? e?‘é‘l' &hd e urrdunded g?gﬁrprl nt input

apparatus as clalne conprising: an adaf tional Iight
sour ce | ogRicrdcbndastivie @ut@s_ttéﬁdé anmfé ﬂﬁund%@l d protruding portion
transmtting light fromsaid additional |ight source. 10. A fingerprint

i nput appar at uS. as AlfwigesprinfinpUbapparatud es alaimedsiai claipr 61 whereig: por ti on
has a slant surface which is defined by the one side of the section faced
to the finger Heelgpiresonduclivesuhstanceis shanedito elimbwd enteqt endhe sl ant

surface havm 4_, t shi e di n ortlon(i) first half region
enr -t he BULENGT thadMaeh JoRtactErBPar S ﬁ@ea?e!%a%t?.onal 'lght  Sour ce
‘bei ng irradiat d t oW ds, th {%ﬁ}gfﬂélﬁ%pé‘r&m@&l@gﬁﬁg& rpélla m‘ t he sl ant

surface near t e finge ngerpr| |nput appar at us
as claimed in %:a'émétrodthﬁﬂﬁ:'we subatdhde igH i mrﬁéldhrg:g@@!?ﬁbﬁée.to em t near
infrared |ight having a wavel ength between 820 and 0 nm 13 June 2006 29
12. A fingerpr8nt iAfingeapirtrinpusapparates aedlaimed iaiciaitn 1yWwbeeein:  sai d
| i ght source conprises a light emtting element chip for emtting

the finger contact surface of said plate has a protruding portion which

serves to position said finger and which has a shape such that a fingertip of
said finger is surrounded by said protruding portion except said part
including said first joint, said protruding portion having a section such that
one side faced to said finger extends along said finger.

9. A fingerprint input apparatus as claimed in claim 8, further
comprising:

an additional light source located in said protruding portion, said
protruding portion transmitting light from said additional light source.

10.  Afingerprint input apparatus as claimed in claim 9, wherein:

said protruding portion has a slant surface which is defined by the
one side of the section faced to the finger and which is adapted to be fitted
to the finger, the slant surface having a light shielding portion formed in a

first half region near the base of the finger, the light from said additional light

source being irradiated towards the finger from a second half region of
the slant surface near the fingertip of the finger.

11.  Afingerprint input apparatus as claimed in claim 1, wherein:

said light source is adapted to emit near infrared light having a

wavelength between 820 and 980 nm.




the Iight and a package made of a light transmtting pl astiﬁ material and
envel oping said light emtting elenent chip; said |ight trd %Vﬁetztopﬁg
plastic material having a refractive index not greater than 1.8 which is a
refractive index of a skin of the finggr. 13. A fingerprint input apparatus
as claimed in claim1l, wherein: said plate is provided with a guiding

| i ght source located at its periphery for emtting light to guide the

fi i Ll on. .. =30 Fl PUT . APPARATUS
ABSTRACT At Bt pr Fr e giet A BB ts ap stemted i Jowheieths) o
em tting Iightsaadight sbuRY coPblisedlAlight EmittiRysletneéht g for SARtiRgt surface

with which a finger (1) is brought into contact 1n order to pick up a

finger pri the lightgmdh pabkadée ngsde 61 h.light erahisatiting piastidmatédditandsour ce (2)
is at first introduced into an inside of the finger (1), is scattered
wi t hi n t henveleping said lightemittiggrelement ghip;cones out of the finger through

th f f the, fi .1 t goi light. By th f th
Dot ot ng | ght SSIRHigt Fapsmihibinst Bratenaidianag aTRbachynindaotrle (2) i s
di d W . i t i nt
oL sroser bl sl f BRI SPYSRR BRI 1% % ot on
?_1|)oal E S' dioanqi&t hap fh@%rbﬂir&hhpuﬁéﬂé&t%ttﬁ@bs'cFaiﬁ'fé'Eltiﬁ“élﬁ?h W Wheb&if; f 1 nger

' said plate is provided with a guiding light source located at its

periphery fqr emitting light to guide the finger to a proper position.






