13 June 2006 1 FI NGERPRI NT | NPUT APPARATUS Backgr ound of tﬁg | 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 L ' t first enters into an

I nside of a .fi ngerl,o l's SQNQEEWﬁWPWeRH%%%TUS the finger, and
conmes out of the finger through a surface of the finger as outgoing l'ight.
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 ?%Efnt of calcylaigon 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 formit yﬂﬁgawmﬁ'%wwg%ﬁo‘ﬁﬂi“é’oéﬂmeﬂﬂi@ali Igade senseradi 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

Image sensor, an optical reflective fingerprint input apparatus and an

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




reduction in size and thickness of the fingerprint input aB ﬁratib%)s use is
13 June 2006 2 nmade of methods illustrated in Figs. 1 thro g unge '
Specifically, in the nethod illustrated in Fig. 1, light froma |ight

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

finger. | nihadeef petheds illustratestin Figs. fithrougiu3nt ISpedificallye intrsur ed
hevi t abl y TR LGS Eatedin EG: da b from alightisowee jsiradiatestt ag snd i .

In thi s meehole oy B Binea AT eT s Figs AXand Ahighe fom LEDsiral 1 ¢y
acauire a fURitihg Ylodds) APal gt scbEh is Brifafed {IEEH sides P Bla o <
2T nger sonfact munaneted kseliod 1 ag! S Myt MRITDNSs RrAdBRLD (1'% on’

adopts an e measuredrsurface obthe/finger.as a |ight irradiation system

Predom nantly, the_ light is irradiated by an illumnating unit |ocated at
the opposite sid Eﬁﬁ%smeéhft)@s,th@vmmﬁhedughtquaaﬁy infthelraefisued (Fig. 4)

o DYt e, Sulbe e HoRGOIBEA, < tudliobi RSt BomeBirossiesin b atmsio (o1 o
method of  EREChIAKIUIRS SR MoRAEEKEnt LSBT e 1o the 0

Referring to Fig. 4, description will be made of another method

-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.




optical reflective fingerprint input apparatus. As iIIustr?g?d igg)ogig. 5,
the light fromthe |ight source is irradiated fromthe |a %i®<i’de or
~obliquely fromthe lateral side of the finger to the optical fiber bundle
~of the fiber optic plate, guided to the neasured surface of the finger,
diffusely reflected at fingerprint val Beys, and thereafter guided to the
optical fiber bundle. 13 June 2006 3 As illustrated in Fig. 6, still

anot her exi sting me,i hod wi || be described. Alight transmitting ring 110
is used to posit Agriluplatachinelrig. 6, stilliagethamexisting methodwillsds i s
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hr ough ¢nd "ot itteseont HATEERE BuabiSi W Hlowsiase s ohlious v o
110 as an ot Al ouug rort e T30 e dtE hiouhii inG t, oo o "

the fi nger the fingehpldcacconlthe fites optierpiafe 166! eTh;cb_’] Ht ®rdrisditte@” and 7B, an

existing fi ngerﬁri nt input apparatus includes a fiber optic plate 100

}/\,hi ﬁ h ?onpthfggsg athecfmgeff_ais igmideab(tjhﬂddgmmpﬂmmpbr P@P_d!)é befrge fiBér 93! di ng
- light from t.0 I nger an measuring optica | bers for guiding

i ght tranQHE‘Ftp@f‘-et W@E@,ﬁ We:dimegsienabsansomo nithisrease)the dightts . As seen
fromFig. fibers are inclined with respect

' ]l nat i optical ,,

to the maééﬁer%&gﬂpbbiﬁéf ﬁ’&e?ﬂo agrﬁ'boptlﬁﬂeﬂlﬂqe 1@ the fingesppZhbsuthes using a
t wo- di nensj ; ' ' fi, W t hqut using a |lens or
a prism, !tl%e th\gﬁﬂ | %r@?gﬁgﬁﬂseggrsdgpttﬁé%ﬁ?ﬂ#@h&@&’%’f@l ectrostatic
charges accunul aReferring tblFigi nagind 7B, hh%ﬂétﬁfd finge/irirt iﬁB&{ ges have very
strong electric engr%y, .

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.

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.




t he two-di nensi onal sensor fmay be broken. In order to avoi?BEhe dbgfluence
by the electrostatic charges, a transparent el ectrode | aye ?ﬁﬁ? s tin
oxide is forned 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 electrpde can not be applied to its
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, rel ati vdnyesentyears, mitentiands directadns ithe o@ticﬁ?ﬁﬁ%éﬂﬂmt ?r\stsd ce

t hereof and grounded. 13 June 2006 4 In recent years, attention i irected

to the optidRRaralugin wiewof stahility ansheesalution.n in additions fellswingthand

resol ution, .l dition, follgw ng th wi despread use of nobile or -

cel lul ar té'rleﬁﬁﬁ?r@é 458 QfHBOEﬂm" gﬁﬂ&!hl%r tetephanes and ghe enlargeatentof nobi | e

t el ephones t .ol C [ ien, there is an increasing demand

for securi tt§§¥|9ﬂgsé:ﬁ’ t% Al %@ﬁ?gﬁgfﬂ) rﬁ?e‘?ﬁyqﬂﬁi F%ﬂph%ep@nseaqamn,i S

request ed #Refd RV ' ' ' r ich is stably and

reliably oper ab?eagm&re f?ﬁﬁ@gg@ﬂﬂq fz@%t”ﬁ&ﬂﬁ@%w&ﬁlmé}%ﬂgﬁnpt i on, and

price. Fromauthentication. neThersfork, ibRCiey il L eroe f

apparatus using the fiber optic Blate gﬁgﬂg%Hgbﬁaﬁﬁggﬁﬁﬂééﬁﬁg#ﬂﬁéﬂsor has

pr edoni nan@iPpagalis whiah isistabheand mekaklyioperableand pedueéd in 8fzel he type, a
e

fingerprin .fgcusi n portion is reduced in thickness. For a |ight
i rradi ati n&}"'E P%%%ﬁ%‘fveﬁsa@wmptwa. ahdi pricewb| Erarpdheiahove-mentiongedt

Frant. quanbPegorinihdheibiFalint ikt dppasstvs wingdoadiben ot piateandd
thi ckness. {Hé tWeHIMrZidhAl dBridor HE predominantly been used.
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




nonuniformty in light quantity in the neasured surface, tE be gpproach
is toirradiate the light fromthe opposite side of the fi gé?ﬂe?&ﬁ site to
the neasured surface, i.e., fromthe side of a nail. However, this
approach requires a space greater than the thickness of the finger and can
not be applied to an ultram niaturized&pparatus, such as the nobile

t el ephone, which will be w despread nore and nore. Thus, fromthe
limtation_of tge W)ace i% is_inpossible to use any ot her nethod than the
i ght i rraffiokRitBR lowesside\ef tha Binger throughithetight trapsmitting ring'tige si de of

t he measur -Surf f_the finger. However, the light irradiation from
the | at e?a%&ééeﬁg$ Pgrﬁ hpggr bpgﬁ'%gwIH@Yn&Qmﬂ@IB/gth@iighﬁslemli_s.terd nger is

be made of Tehe e MehESquEct (08914 BROAR Ao MifreaenEnfeys Seto e tmgs "

met hod, thq10igthe finé ' I q 0]0) I t he | ower

side of the fi ngsahre ?ﬂ?gﬁgﬁs?ﬁg&@ght wrgg%st%ét%mn@ué'r% %R@C&Cﬂ%%p serves as

a finger pgséalamdgni cteler $o conipardAts. ' ' " he 1ight

source (LEDs) to the air and th%r eaftetpbe ttgﬁmsﬁfghéﬁgh%?ﬁgr&rl%s s the

finger posPgilparepsadin hrightnesss Jthisicesults inean itreask ih@powdrs great and,
cal] loss, the light source nust be

in order. tQ conpensate the, opti §
i ncr eased Eﬂnﬁwlﬂ%ssén%?é’d‘%hﬁﬂg: imorderitacoragensateminsufiicientpt i on.

i thout i ngnEaHmat WA inRe A SR8 Bioweteonsimeticachedihtimusthat co *

the Tinger " pRaatec oM ine Blogk IroRARY fthe fediBeli bt IySpah helgny -
quant i ty iningHdOnzsshe drigenpbeition guide. This increases the nonuniformity in
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.




In case where the light is irradiated to the end of the figﬁ?r azé
illustrated in Fig. 1, the light fromthe |ight source of t &hTE§dP8

directly into the optical fibers facing the neasured surface. In addition,

the light quantity received at a part of the finger near its base is
insufficient. In the nmethods described Bn conjunction with Figs. 7A and 76
and Fig. 5 thelight is irradiated directly to the neasured surface of

the finger. In [igs. and 7B, .the illum nating optical fibers for |ight
irradiation ar eﬁbﬁ%éﬁhegﬁfé&m&‘ igtadhto thexfingerepliguely fromithe lawenr

| rradi ati on fikiradiats , ) elaneor
tibers, Thae oo OpRbarten SEIAIBEH b hesBRe minlssq i s CaPerdal i ng

opt1cal || ensnatingdida Wets oorihriqdisg. THE IGHRAL MAGRIGIGIRY 20°7,

because of incl usi um natrrng optic on,

fiber opti measarednusfadecof W@Wmmﬁughq?mﬁém ﬂb&f’%‘ﬁnﬂd 4 nat i ng

optical fibers and the neasuring optical erent Y1 n extendi ng

direction €laddingporions) . Thenlight scattérediin mair'lﬂ@aéﬁl‘ié‘ﬁlﬁg tion cost
Ther ef or e, tlgés, nmet hod does not neet the demand for a | ow price. 13 June

2006 6 | n YRKEY IS magasuredias a bright partit sthus, thisenbthabis basicallplay from the
undl e of the fiber optic plate. In this

case t he MedsyrPEr o) ypeplc refiGEhus tyke.ndonbeathen hands extarmal |
Fibers (i naifhen RRESHHGNDLLARE e dnimetitonm A behavioraiaa 1 | ayer
'S basi cal Ty ety el oAt S o b B g ARt el ot her
hand, ext giesalt inlungtableupeasmeeswntent during the daytinme) perforns a
behavi or of an
As 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.vention 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




optical transm ssive type. Therefore, canceling points are fies%b and
result in unstable neasurenent. As a technique of a small Lt hog ﬁg‘erpri nt
i nput apparatus presently known, reference will be made to the invention
set forth in claim 3 of Japanese Patent No. 3045629. An operation
principle. simlar to the invention is @&lready known. The operation
principle is based on the fact that, when the light is directly irradi ated
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optical fiber at a small | o0ss over an aperture an

because an fher isidifferentiostwedinrtherfradtiors ot ahtassraihairb of the
optical fiber, On the other hand, the fracmn of Igll\{ghfh ?}nﬁ"r@'{"?@% t he

recessed pdiart aRadhe fragtion pélight coming fram therecedsed partt hehis asgr i nt .
ugh the air layer is reflected at the
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little. Th&niersripio throptical fiben bisndlenandithe axisef the optidal fibeh fiustbe
different RelRA S al trhaecrt:riit?galcgngllé Pshlgefgrriré the LL?nnérticha? alcénrc-*:cr)tturrclaJ Oclzif the

optical fiber, i.e., beyond the range of a total reflection critical angle.

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 exiremely 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. .




part and the fraction of light comng fromthe recessed pai% Tt}:a bri ngs
about a high contrast. The above-nentioned concept is disc %‘ﬁ’& PROw s.
patent No. 4,932,776 already published. On the other hand, according to
claim 3 in Japanese patent No. 30456298 acritical angle is present in case
where the light comng fromthe air layer at the valley of the fingerprint
enters into the optical fiber bundle, and the axis of the optical fiber

st be, SRR 8 G B0 RS R BRL RSB
ref| ecti achibidie Absaiiobd aboVBURE medd e hes oriHe hdhf id S | nci dent

fromthe air yer to the optit ving a refractive 1ndex greater

than t hatpviddtbwithithe tlisphidriteiéctrddd taydrof 2othirPfiles &ftfch s BAIITE pl e and
the reflectance is sinply increased withan increase in angle. As shown in

Fig. 9, t{hediuncTdeQxidapfilkncHoweveedia thimo filrdthassa aigegelelefric t he
refl ectance of 50% corresponds to the critical angle. Therefore, the axis
of the opEsidanee s thal s lapge guantiheaf etedmstatic chpegessoantott he end face
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short ax! chdfye8ThafUetdibmtb Shllith fifl fsdir>pAMARNABRS [HR il fim igso! ut 1 on
in the long axirs rection I's degraded. Taki ng e abBove Tnto

-consi der agbfinasid rdsullerRpEtYd b&n%cﬁ%itﬁ%e%ﬁ?@r‘f@ﬁ h 95 ?%r%%edff an optinmum
condition on the basis of the concept disclosed in U S % tent No.

4,932, 77@imelso thzd thetdbility off dischargimg elédteostatit ichanyed & degranfwg.el ectric
energy . of the electrostatic charges accunmulated in the finger affects the
oper at i orf\S @Esafibedin (CIQéJIng’.ECt'ESthHﬁI rigsgBAtand 8B, ¢he 1saticedpasitive i mage
Sensor. 1s?’en‘]s%r}e1 %Psogro%ided with the electroconductive mask 186, relatively 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. .




Therefore, the electrostatic charges nust be reduced. In thg exi.st.ing

t echni que descri bed above, the neasuring surface of the sehsBne 6provi ded
with the transparent electrode layer of a thin film such as an I TO
(IndiumTin Oxide) film However, the ¢hin filmhas a large electric

resi stance so that a large quantity of electrostatic charges can not

i nst ant aneously be discharged. In addition, discharge of the electrostatic
charges my delpabdsighficd Wittt Ghé abbbel o el dres B hUBHTH Shefdf, thin Tilmis
worn as a result of repeated contact wth the tTinger tor a |ong period of
time so tprividéeadibigerpintdhpdt & 2 soriprieingPg light So rfaeemigingegr aded.
As descri lt.:;ed in cgiglj!gunp?:ti onpwi t%[b%r gs. 8Ap§nd ggB, gt he lgﬂt%gtf?c ca%agi tive
sensor 17light, prodatiedeaving aHfinges cantactrsarferduwith whickeaiinb®r is braughtel y- wi de,
formed arpound the measuring surface as an antistatic nmask because the

ant i st at i Pl ceptacbanGae imageisansorder pickingan adingesprapiimage ebsaide
surface. ﬁ]ll—gwev r, the surface of the static capacitive sensor 17 can not
be prot el %f’%eée'lnel atively thick insulation filmor the like. Therefore,
if the finger at first comes into close proximty to the sensor before it
approaches the antistatic nmask, the electrostatic charges are di scharged
to the sensor to break the sensor. Sunmary of the Invention: It is

t herefore an object of exanple enbodi nents of the present invention to

- provide an-optical transm ssive fingerprint input apparatus which is
reduced in size by arranging a light source so that light fromthe |ight
source is incident to a substantial center of a part of a finger including
a first joint or articulation on a palmside and that the light source is
adapted to be brought into contact with the finger. 13 June 2006




"9 In accordance with one aspect of the present invention, iggregkﬁ
provided a fingerprint input apparatus conprising a |ight FeL0pg
emtting light, a plate having a finger contact surface with which a
finger is brought into contact, and gg i mage sensor for picking up a
fingerprint image of said finger, wherein: 13 June 2006 10 said inmage
sensor obtains said fingerprint image by the light fromsaid |ight source
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i nside of said Tinger, com ng rface of
said finggircednfodced irtb M inSRI& 6sdid fRGERRYSEaRer thidalgHt RAthin gfd from
said light source enters into a substantiral center of a part of said
fi'nger whinshiepafrsaid ifimglevcarsd sofmimg but of sdiddinger phtough aleurdbcs af gafd nger and
that said |ight source is adapted to be brought into contact with the palm
si de of sHIGEN pAdesaidighl saurcisartanged a¢ titasibe; light drora saidlightr awi ng:  Fi g.
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desori bi rg Sashi B o HeoRohPIAG cRhEftsvitpiie BER side o sl 0B o bi'ng
still another existing technique; .




Fig. 6 is a view for describing yet another existing techni re; éﬁ June
2006 12 Figs. 7A and 7B are a schematic view of an existi ngﬁ ‘fnr‘?& ?)ri nt

i nput apparatus. and a perspective view of a fiber optic plate used therein,
respectively; Figs. 8A and 8B are a pgjspective view and a sectional view
of an existing static capacitive sensor; Fig. 9 is a view show ng the

rel ati onship between a light transmttance and an incident angle when

l'ight comng fg Q?Begézi rp&i teD?’eﬂr!lih y (air) enters into an optical fiber;
Fig. 10 is a ﬂ‘ﬁ'ena'l—rc%w—og'—aﬁ-nggfpri nt input apparatus according to
a first enbodipgnt igfa ViewsforieaRiibMy afickistihl fethidliccdf pRRIMEG @
brightness distribution of a fingerprint inage read by a two-di nensional
sensor oflightdofamered pf arfingenput apparatus in Fig. 10 (with an LED bel ow a
first joint); Fig. 12 is a schematic view of a fingerprint input apparatus

accordi ng to &igec3ARNshBB@Erasnplapfviewiand asestivnal viewdor deseribiagvi ew f or
and 145 FLCRSRRERRRvE O iBonahlo JobbkBroAdR CrRSItR O A NG of 8
nvent Lon: i g0 POREEyEw s YREAERERh S treL BRI nal Vi ew of
2f_ p?[]}sq!gmgﬁr?%ﬁ?wér@dé BPYfingBpar atus according to a fourth enbodi ment
Fig. 4 is a view for describing another existing technique;
Fig. 5 is a view for describing still another existing technique;

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




Fig. 16 is a schematic view of a fingerprint input apparat lllij a%%di ng to .
a fifth embodi ment of this invention; Fig. 17 is a schemati¢’W" fa
fingerprint input apparatus according to a sixth enbodi nent of this

i nvention; 13 June 2006 13 Fig. 18 is ﬁ schematic view of a fingerprint

| nput apparatus according to a sevent Znbodi ment of this I nvention; Fig.
19 is a view showing the relationship between a refractive index of a LED

Cont acted wi - o BohgErand7H fif ol SHESHbl Sed of AR eotpi moBRAAY 208 are
ntact ed w _ Lt !
o an i GHIRCSaRE e o ¥ RsPachye VIERRrL Her bR DR IRA AR O g

the bri ghtmoﬁbety;i bution of a fingerprint 1image read by a
t wo- di mensi onal i mage sensor of the fingerprint input apparatus w thout an

LED bel ow a fi r dtigsoBA andéBcargaiperspéctive vidw ahdra edefiomaldiiswndfsan Now,
description will be made of several preferred enbodinents of this
i nvent i on §XISHNG Siatie fapaciliversensoiivi ng. At first referring to Fig. 10, a

[ngerpri nt T 0P SRR 2L BRSelsh Do soByBeshibe e Bobt o b0 ¢
Phto cont ARtnRianeBhd S e Bodiuh font Shfnd g Bingerniint 1 “and
a light somiRs @if)Enters iritd ah opecalfibkre | ight emtted fromthe |ight
source 2 is at first introduced into an inside of the :

Fig. 10 is a schematic view of a fingerprint input apparatus
according to a first embodiment of this invention;

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;




finger 1, is scattered within the inside of the finger 1, ?ﬂg‘lconﬁ out of
the finger 1 through the surface of the finger 1 as outgofadP&4Re. By the
use of the outgoing light, the fingerprint image is formed. The |ight
source 2 is arranged so that the light fromthe [ight source 2 enters into
a substantial center of a part of thef3dnger 1 including a first joint on
a palmside and that the light source 2 is adapted to be brought into
contact with the finger 1. 13 June 2006 14 Preferably, the part of the
finger | includihig.tkeistaschematia view ofia fingerprint ingput spparatgison wi t hi n
10mm above anda;‘)el ow the first jb%idm of the finger | on the pal mside. _
That is, tRAEGCOHHPAta@ sRventh erbodineent of is inve n;palhm fsi de of Lhe flhnger
s a region bet I pe.nearer. .t o fipgerti f,. the finger, than-the
first jgi nt by \fﬁﬁjn@nif’ ﬁ&%‘v%&m&wpgﬂﬁﬁé’e@wﬁpﬁﬁm%@ fe]?' Btip than
the first {4y [ ' : hLher | C
plate 3 co@rﬂ%@g%egagg %ggg%ﬁl?éﬁﬁta ;DHO% n@%ﬂ’%ﬁg’r""ﬁ'ﬁ%} ‘y.h%%n%eﬁﬁ%ht
from the | pabkageis esntadtedavith hrfﬁigérf‘(P-Qﬁhgéﬁ'HM% cotaktypoer 1, is
scattered in the finger 1, and conmes out fromthe surface’0f the finger 1
as the outgoi ng FigshR0ATand Q0B area schethatic view ded 4 plavgiew bf gopt i cal
fibers of the fiber optic plate 3 to a two-dinensional sensor 4. Supplied
with the ofibgerpiintiingut appaeatua@agonding toran eightheerbodiment ofthiss t he
fingerpring ir@ge._ TBe fingerprint input apparatus has a neasuring surface
(or a finteNU9R 8PP surface) provided with a light shielding portion 8

The Tingerprint | Raad oo Mt shoRiho MK iBEEr lsttoiigitot BlinderBuft o oo
to a fingeimagarehdtyra Mhvecdmidrsionll mhde 2énsoHBPHEInYbidRirt Mput |
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 transmissive 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.




fingerprint image, the fingerprint inage processing circuiﬁ f4 gﬁrries out
predeterm ned i mage processi ng upon the fingerprint imge > fee an

| mage processing output signal. The fingerprint imge processing circuit

24 supplies the inmage processing output signal to a fingerprint collation
circuit 25. The fingerprint collation digcuit 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 fromthe |ight
source 2 ent er sPrafeabliecthe part ofthalfingentkeinchiding dhe first jointtaretia nger |
including the first joint on, th al m si de an hat the |ight source 2 is
Ldapted ¢ PRE Sie B roa0e Wah 50D Gbvve seRbslewiheretiomtioftdee 1 i n

e ext oL e B iepabSidd 9"l th b e it ' 25,
S e o2 b SIC! € nadr 8 AR PEE Hebotr b phi Al G o

posi tion the filsyer thanethlel firet jolanBY 10T aRdd Biffetémdiie I § hen
enters Into tiﬁgg finger. The#ef org, 50 to 80% 01Sa t he I?%ﬁugﬁﬁﬁpg S

| ost . | n dingertipdhaodhedirstjaint by 100sm, on ke paltside of the finger.oduced into
the finger fromthe close proximty of a neasured portion. In the neasured

“portion, the |ighhe figesepticplate 3&@%%%“&‘”&@ @plu?!ﬁ?mhmmicaént er
d [ A | YR t iy t J
e r oducedbarh & T ighESd G ihtstuieB s dRstnTofurerinto e frger

i nventi on, | | a ' r | | ] t t he
Fret | of i iSscRHErPE i e finger, 17andbomes dli HdhnBFtdcy or e it

1 as the outgoing light. The outgoing light is guided through the optical

fibers of the fiber optic plate 3 to a two-dimensional sensor 4. Supplied

with the outgoing light, the two-dimensional image sensor 4 forms the
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




measured portion. The near-infrared |light source 2 is Iocaiiﬂm_%t ﬁ
position corresponding to the first joint and is spaced at"- &8 %pri ate
di stance fromthe nmeasured portion. Wile the |ight advances over the
above-nentioned distance, the light is scattered within the finger 1 so
that the nonuniformty in |Iight quant i'ﬁj I's reduced. In comparison, in
case where the light is irradiated fromthe |lateral sides of the finger 1,

the tight -_?I ) tjih¥o Fanm%tiﬂggﬁﬁa%# nsufficient in thlenctem gre?rtr)ggi fre?nt |

that the rprint 1mage the center area.

by arranging bl aReokistig teentile? e IGAFIARTARDETS CRNIeEPBQRgL"d 1O Lhe

first joint, the |ight m the 11 ght sdurce tes a part

of a neasfmmsur’raeeigheemmeaffdm&hejny'mtsomeatﬁgtm@fn%g%de;a 1ight

guantity in the center area, which tends to be dark as nention ove, of

the neasurabddsthercaftes imadiated to tive finger. TAltermatively; ohé light ehsittedcr eased
as a whol e, and thfgaonuni formty in light quantity is suppressed. 13 June
2006 16 ThEOEbHRIghtsoukePassesdthroughdbe aii, entersdntaethe fingér positioh

e O RS s B R A S Sl e
o . Tl S of SO CAAR] B ol  2
oduced. 11 Bher vords, Becaae he g rasfebcsBinid HE A5g Efar el

reduced- In other words, becauSe the
source 2 dtlosemproyimityof paneasuredpbftion.enin thenneasifcd Pwl‘tidﬁf tﬁéﬂ%ﬁ@i ng the
|

|l ight source 2 at the osition near the first joint, I's possible to
achi eve bdlYURRYRY isiconsiarably differentibetwrema dentéoarea ard i pgdpheialt | mage
and the eqi@d &old 18'd p8Litidh 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 case
where the light is irradiated from the lateral sides of the finger 1, the light
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.




suppressing the nonuniformty in light quantity. By the bazgi t%@ggique'
descri bed above, the disadvantage of the existing techniqu

consi derahly suppressed or reduced. However, by conbining the follow ng
techni ques, the performance and the stability during actual use can be

I nproved further. (1) Referring to Fig.1 2, a fingerprint input apparatus
according to a second enbodinent of thi% invention will be described. Each
of the optical fibers of the fiber optic plate 3 has a fiber axis inclined

- towards the basdhd abbeefmeptionéd aiffeafid Qééh'ﬁ@rﬁ‘ﬁ'i‘e?@&g 5<0°" <
60) with respect to a normal line to the finger contac | gﬁ? %Jcai of the

fiber opti c,mpaﬁuaement Wustrated in Fig, udt (brighthéss diswibisfion réad by'thki ght
quantity i &uced g the contrast 1s i rTBroved Ther ef ore, "even under
i nferior nz‘g F'?@ns'eaﬁ image sensprhiis Figall).enbuthermote: indhisi ed out .

*above. et (0.l Ak R brollntdad pross %@&nﬁaﬁﬁéﬁ?géér@aﬁ% e
(nger of amteeyet FumantGocs notPas Whoudfihiah so3pdfine Sl etantnce 19
June 2006 ﬁeMmddryBétWéEhQﬁérﬂrfgf TaAd thefight sbf-ePid %%‘[géé)e”%ﬂa a

core of the optical fiber I ngerprint~pro

fingerpri npthlefcwgsds (hedausg th@optmamoss is %a@lemﬁgﬁﬁs@ ¥ dHvEs pyonal
|

l'i ght sourgp position near the two-dinensional ght source; P2, a
position f WfﬂQWﬁ"t'ﬁeSUff%nﬂl nﬁﬁgblﬂnally,lbsgatraagmg:me Rght sourcei2 apthg n t he

ngigfir g[}' "poSitidn ﬁ%lpﬁﬁ ficdfoinf, DSt I Boseible 1o achieve both the lljléﬁt?ng z?fec?
sufficient to form the fingerprint image and the equalizing effect of
suppressing the nonuniformity in light quantity. By the basic technique
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




recess near the two-dinensional |ight source, P5, a positi E@%@t08§5 N

[ [ [ - di [ | 1ight

fingerprint protrusion far fromthe two-di nensiona . . .
pos?tign in the fingerprint recess far fromthe two-di mensional Iight f
source Po-18 to P6-18, light direction distri butions at the positions o
PO to P6 6 ~, atotal reflection propggation critical angle in the

i i ber. The finger has a nature adapted to scattering of light.
'(I)'ﬁtelrg?l)rfel, e'[he I ? ht gi rection distribution in the finger is approxi lm_itﬁ
foerelore, @ugge@ﬁ&,ﬁeprﬁsan@aciad@gmfftll'l?fdgtwal fiber, &1, exsdroahel he i ght
i nci i oint in Fg. 13 W be consi ea. | >
Lhat ‘50" i < OpBicdl HERr 25 tngamiint bnatrusiond(ridges; 23,54 fingehprirtoecessf or med by

i i he like. Then, the light fromthe position
reflectlon@éi!%fpn r Bﬁ)ne ar t%cg [ hen, | it oD X
PO of the (LAY Pandiposiion fgrmedas &%&"??Hﬁw@;li) l§h f@tdﬂﬁsol . ﬁfweve :
the light pasi b H -di hiaHt S8GEAS -
o vect Fon EPSIRSGHS NI ARREHFYHITol Bt Ho Siiollon vomihe, oo
Sober e ot ool ighn Solns o, o BSoibHSnHE hgBRBAL Bitfal 0
observed. wever, u _ _ , _
direction neastheytwosdiniensienal light sbufcarm ,-%ﬁgégi_tibﬂ ifthe ﬂﬁgégpﬁ@gt“e. Fiber
axis of the optical fiber is oriented in tha |rect|.on,. reater | |
quantity oﬁeqqpsgmearsth%wmeasmahlxght seutcst, #;, arpisikon iPtheritical angle
(0 o in Fi . Qf e optical figer so that a bright portion becones
nore bri gh@ng%ﬂ'{rﬁ@r&]’”@pﬁg‘?&omﬁ elﬁ”@h@‘"&m%ﬂgaﬂ'g ?m;rcefgfv; LZ}}'?;C?} on
the fingereed: | j R attere ecause, )
at the bo n&299”E’i#h%?#%ﬁéﬁﬁﬁ#&%%jﬁﬁfmﬁm %éa]ﬁﬁm}:@sgnag o soutce,

t I - el . K , )
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Fig. 13). atotal reflection propagation critical 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 incident 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). At the fingerprint
profrusion also, the above-mentioned 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




addition, reflection is caused at the boundary between an g g of the
optical fiber and the air. Therefore, the light incident t %ﬁ@ Pi cal
fiber is further reduced. Due to the above-nentioned reasons, the light in
the valley does not have a significant correlation with the inclination of
the optical fiber axis. Furthernore, q critical angle is present in the
reflection. Therefore, the reflection i'¥ sinply increased if the
inclination angle (incident angle O r) is equal to or greater than 800, as

snovn | n Fedecton GBIWeRHTI® vy ShAYRE (k™ THeFebRe ek, !

the optical fiber is related

opt i mum vad:atnbutm fuathenapproaehes!a éﬁé L eRgf: mto use
the fi ber tic plate in which the optllbc((!j4 W]%erdqg ?g 'ﬁ;mgn@ﬂ ne at an

angl e of dltjoeore/ﬂeq&omgsqmmed at thechoundaly bétwsernan diit fidest

opti cal. be,t %?ﬂéfa&ai ellght source located in the vicinity of t e
first joi ft K@i? h@galﬁo Eh@ﬁefogmf'@rﬂgl‘gﬂﬂﬁldent togue pptiok i fl'tlb‘éruib ‘

appar at us t odi ment, of this invention w

dggcrl bed f“?‘ﬁép ﬁ%@g‘?& ppt@ipﬂ&\eengo}ﬁ'énﬁn ¢q!)ﬁ%a%t¢n%rtheflw isthe ounded by
an el ect ngg ctrq ct e .Substance 13 is
gr ounded. Re% rrlnég“fsoﬁépétaa%m%@% '?l"ﬂ uﬁ v uloi arat usI
accor di ng dgptical fiber bRisc "OGtRER f'g ﬁ&bﬁt!éél léﬁ% pﬁ%#%ntgﬁ tﬁgscrl bed. The

el ectroconducti ve substance 13 c nmbs up on a of the

finger comeflectiemr f Therefore hibmef ndﬂelctlcﬁtls@;m R ctive
substance 13.i ht - shi el di ng subst an(I:ebpyt ﬁ%éﬁiﬁggﬁﬂémﬁﬁ'}]profl | e
fingerpri @" I?iZ'ﬂF Aﬁ!ﬁ@ﬂﬁ led, 1)t|$1§quaf laengreateptivart 80°, (ﬂﬁsmﬁ’ihfﬁiacg of the

te‘l"gcf"r g‘;?;r‘q‘?éj%tqungg% ditgefian ai'{xﬂynq angheggfsl%llfg;tllgr? o(f)];het gﬁuégﬂf k())ér is due to
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 aﬁ'parati.rs the influence
upon the characteristics of the two-dimensional i Image sensor 4 or the

destruct!on of the sensor 4 due to e!ectrostahc charges accumulated in the




13 June 2006 19 finger is not negligible although the sens | S an
optical type. Therefore, an effective antistatic arrangengipnpgﬁh@sired.
In this invention, the peripheral end face of the fiber optic plate 3 is
surrounded by the el ectroconductive substance 13, such as netal, having
both the electric conductivity and the.ight shielding ability. A part of
the electroconductive substance 13 naagklinb up onto the end portion 15 of
the finger contact surface. By grounding the electroconductive substance

cscaped. 1 TSERISHAMEIRIBE RGN ik SEntdr 18 Al ABBERLSPEl Ve o avor d
undesi 1 ed ‘Phéréford, ¥ efeoeVe SnFSRABRANGERIEN IWHBYRRAR e SUTT ace of

the fiber optic plate 3. Thus, the el ectFoconductive substance 3 has
doubl e ef fiawventiof3therpédpheral e faae oflthe fibér optio Plated B isrsutro@idia] at us

according to a fifth enbodinment wll be described. The finger contact
surface ofby ke elegdrocassiuctivel subistance 1%, sucheas mietal, haping both the portion 5
bove: mentsiERELS BaRRuciat aRAdhe BT ehlelding ity nAGEEOf the posi ¢ i on ¢ he
to the 11 gepuBEBRBHERe shBRHARR. T2 tABy Rir VR cBR Mk Sny RondRs of® 2%
desor| bed TS HIRACOSUTace. oY SHoy iR St RERANERNE I onal "1 i gt
source (suwubstanee 3, e eectiodtaticidhisrgesiactatulitedTnithe faglrdisonal i ght
source 6 passes through the protruding portion 5. Thus, as illustrated in
Figs. 16 =ffectively pscaped: uin agdition,itbe eettsocanstuctieasutstgnedd 3f or
posi ti on nsqeﬁrgg tI:ian id u%\dtegirg rér?t?ymo} ie)r}?eerag“iiggurbance light through a
side surface of the fiber optic plate 3. Thus, the electroconductive
~ 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




measurenent. The gui de (protruding portion 5) is Iight-traﬁigis%bﬁée and
has a generally triangular section. Only an upper surface HE ched

- with the finger 1 has a shape fitted to the curve of the finger 1 so that
no wunconfortable feeling is caused when the finger is touched. Because of
13 June 2006 20 presence of the guide otruding portion 5), a finger
contact area is increased so that ill nating light emtted through the
guide (protrusion 5) is guided to the finger 1 in a greater quantity.

D One +or) Dresdroe of thehguids. (pfotribing pURIoRT)? 1 fifgdtcaditel pred IS0 40, e

light reflected at the other side (surfac Ite to the Side faced to

the fingerintreasedsedhabilluminatingdight eavitted thrsugh s gdriey (drefrusien 5)he

finger 1 and the upper surface touched with the finger 1, 'there is‘a

littl e difieadided tothedingarn 1 inaigrester quantiben Sincentiteeséctiorodf thee gui de
Therefore, the light is

i dth j f he fi. 1. |
Dot Vontdudl (rothSBr LB donerditrianguar, the light reReciamat the otber | nger 1
i | 1 sl Lt i he_fi | d t ot h
Lhe ol e SideT86iTaRt) opBoshEABRhE i fhldd'q eﬁﬂé%f’?iagvanégﬁa%‘%giﬁ Sgésd
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(o ot rus; e 1. She aboddR Welbe theTinderdf ancfthel drifer S ffddd|® 9 4°
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above- nenti oned conponents of the |ight are not substantially utilized. (4)

Ref er ri ng hetwaen thesmateriahosher guitei(prottusion &) aindsthacskin &f tlee finger 1sevent h
enbodi nent__of thiséhnvention w. Il be described. The guide (protrusion 5)

has a sl anTh§rL‘ﬁf‘P'Eﬁ3 Wﬂigm iﬁ‘f alrpest fiatirely tranemilted intocdtheffingar 1.selet i on faced
st 4 VAP R B, i b ™

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




regi on near the base of the finger 1. The light fromthe aﬂglthg)l l'i ght
.source 6 is irradiated towards the finger I froma second e gpon of
the slant surface near the fingertip of the finger 1. The guide
(protrusion 5) is positioned in close proximty of the neasured surface.
Therefore, the light fromthe guide (pq?frusion 5) may be incident to the
nmeasured surface to cause optical crosstalk. In addition, in case where
the light is introduced into the finger | froma position at a very snall
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source 2 C ARd < '2@ adngasegwheeerthe light sourcerd ISCﬂhIEFﬂé&I‘F emtting

o AR Ao e B R o asF o e e
refracti vamdyiets obtained even with low electric power. This allows a greater
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




reater than 1.8 which is a refractive index of the skin_ of finger
E?tTﬂus, the package 2b of the LED 2a is substantially a tﬂgﬁgﬁéﬁﬁﬁt.
plastic material. Generally, no attention is paid to the refractive index
of the plastic material. However, in the fingerprint input apparatus
operated with lowelectric power, it iZ2necessary to increase the |ight
transmttance to the finger even slightly. Therefore, the refractive index
of the pla is desired to be as close as possible to the
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when the refractive index (P) of the LED package material is equal to 1.5,
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Finger 11 SuiBle’ Sgainst the fiber 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
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SuctilS sBBLiAe #8. The metal frame (s grounded. ' fhestrated in

electrocon
s embodiment has an end face fiush with the surface of
the fiber optic plate 3 s0 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

conductivity and the fiber optic plate 3 has an excellent insulation, electric
re discharged towards the metal

metal frame in thi

charges accumulated in the finger1a

frame when the finger approaches thereto.

The effect of this invention is as follows.
ate, the two-dimensional sensor, and the finger

bout 2mm on a single plane and in

In the fingerprint input

apparatus, the fiber optic pl

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.

Thus, this invention is adapted to a Widé range of applications. The
optical fiber axis of the fiber optic plate used in the apparatus has an

clination angle within a relatively narrow range betweén 45°
the longitudinal direction is not

addition, the s

optimum in
and 60°. Therefore, the resolution in




- 60. Theref

end face of the fiber optic 13. is netal frane ia netal s 5?ungfg- as
el ectroconductive substance a netal frame in this enbodi mneht JHE<2%A end
face flush with the surface of the fiber optic plate 3 so as to avoid an
unconfortable feeling when the finger | is contacted. At a first gl ance,
it seens that the contact with the firmper 1 is not sufficient. However,
because the netal has an excellent conductivity and the fiber optic plate
3 has an excel lent insulation, electric charges accunmulated in the finger
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optinun1inﬁbi?g%kon an%le wthin a relatively narrow range betWween 45 and
e lighi in the guide isintredusedintag ger atcan efficiencyi of 405 3B June

2006 24 sagcrificead. t he ,us. f the near-ipfrared LED of a high
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made of a powesfor Rylhting is reduced correspondingly. The LED arranged in the -

vicinity of the first joint and having a flat top surface allows smooth touch of

the finger. Therefore, the apparatus can be 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




a semtransparent resin and has a refractive index of abou& i42t@ 1.8
which is relatively close to the refractive index of the s ? Aungr200R e
finger. The light in the guide is introduced into the finger at an
efficiency of 40%or nore. As conpared with the case where the |ight
passes through the air, the light is e effectively used by 30% or nore
(Fig. 19). The electric power for lighting is reduced correspondingly. The
LED arranged in the vicinity of the first joint and having a flat top

surface al belewdhedingerpistinaage.r hdhiei Inggitudifiaé beghtresst distrfbutivrpats can be
used with gonf oriabl e feeling and the stability of nmeasurenent is not

degr aded. sgater bas acanteasimdiichdsisraall asta whote and ds furtiver, rechiced
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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




bel ow the fingerprint inmage. The | ongitudinal brightness dﬁfhﬁe%b}ion at
the center has a contrast which is small as a whole and is reduced
towards the base of the finger. The transversal brightness distribution
has a contrast which is not sufficient over a wide range around the center.
In case where the conditions such as tipg contact by the finger and the
dryness of the finger are not good, the neasurenent is unstable. In this
event, nmalfunction will be caused or, in the worst case, the nmeasurenent
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above, the, ,anount of ﬁ"al culation is considerably increased. This results
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11 is obtained. In particular, the Tontrast in e transversal direction
i s strong tovdandsi thernrmetal part thedearoéadh of the fibers of the fiber optic
plate is inclined towards the first joint of the finger. Therefore,
sensitivity i s higKlessribedaboyhiagoasdinghte this inventiom; the fingerprifiti s

conpensates the insufficiency n light quantity,in  the | ongitudinal center
oy or ¢ rpPul ApeRrEs Shan Ghtisat rafamissive arped is Ghtained d which o
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accunul ated in the finger have vgry strong ectric ener I Schar ge

occurs to palen sideaaingddhat e ight souwrce\ie tontesteduwith dhe dingele With this
structure, the ﬁngerprint input apparatus of an optical transmissive type
can be reduced in size.




measuring portion or disturbance of characteristics. If thf }in%ﬁé S
contacted with the netal part, the electrostatic charges a s 2906e 2006
26 i nstantaneously discharged conpletely so as to prevent the destruction
of the sensor or the mal function due ?o the el ectrostatic charges upon
measurenent of the fingerprint. The 58 face of the sensor is protected by
the fibers which serve as an excellent insulating naterial. Even if the
finger toﬁg the fibers, discharge is not directed towards the sensor but
towards t al part therearound. As described above, according to this
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| nput apparatus of an optical transm ssive type can be reduced in size. 13
June ZOOGOWIﬁWQﬁB:WtheiW fingerprint input apparatus conprising a |ight
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an i nsi deyRhintAkednsidBIT s fifget, fid &diRirlg Sl of said finger through a
| surface of said finger, and; .
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.




Wi thin the inside of said finger, and com ng out of said figger tpgough a
surface of said finger, and; said |ight source is arranged t he
light fromsaid |light source enters into a substantial center of a part of
said finger which part includes a figt joint on a pal mside of said
finger and that said |ight source is "adapted to be brought into contact
with the palmside of said finger. 2. A fingerprint input apparatus as
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fromsaid fingertip th | I TSt I nt mm on the pal mside of said

finger. 3elebtrocBagustivesuthstarte Aeh & gourkled. ai med in claim 1, wherein:
said plate is a fiber optic plate conprising a bundle of a plurality of

optical fibers6. 4. A fingegpriprinput appartatap parckioedin cbiai bpdheneiat ai m 3,
wherein: each of the optical fibers of said fiber optic plate has a fi ber
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8. A fingerprint input apparatus as claimed in claim 1, wherein:
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.




t he el ectroconductive substance is shaped to clinb up onto gi enﬂ) portion
of the finger contact surface of said fiber optic plate. 135 Jugs Qgrprint

i nput apparatus as clained in claim5b, wherein: said electroconductive
substance is a light-shielding substa?@e. 8. A fingerprint input apparatus
as claimed in claim1, wherein: the finger contact surface of said plate
has a protruding portion which serves to position said finger and which
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12. A fingerprint input apparatus.as clainmed in claiml, er el sai d
| i ght -source conprises a light emtting elenment chip for e ‘%%mghe | i ght
and a package nade of a light transmtting plastic nmateri al and envel opi ng
said light emtting elenent chip; said light transmtting plastic materi al
having a refractive index not greater-38an 1.8 which is a refractive index
of a skin of the finger. 13. A fingerprint input apparatus as clainmed in
claim1, wherein: said plate is provided with a guiding |light source

| ocated at its periphery qutthﬁ | i ght t uide the finger to a
proper position. 13 June 2 yGE USPPARATUS ABSTRACT A
fingerprint input apparatus includes a |ight source (2) for emtting |light
and a fiber optic plate (3) having a finger contact surface with which a
finger (1) is brought into contact ABSBRA€ITto pick up a fingerprint inmage
of the finger (1). The light fromthe light source (2) is at first
introduced into an inside of the finger (1), is scattered within the inside

of the fi nger (A) ﬁnmphmam apparaafs ihb1adéd AGght SdtaLg) fBP@m?tHﬁ% ‘i’i%ﬁthﬁd jhe

finger (1 y the use of the outgoin
fingerpri ﬁP %g]i1 f‘ﬁ&erl Gogkct swge dath whicha ﬁh@pbls)eld beanghhitto t he

of 'the f ?ﬁ“a‘éiw & “’ﬂ?"%é? PO £ B HEC o' the 3% AL, 7B s BREY o8k Pone
sour ce ( 25°U% ))wtaé(ﬁrg;dnm uged ingo fk irgiste of the fifger. (1) Gs scattered within the inside
of the finger (1), and comes out of the finger through the surface of the finger (1) as
outgoing light. By the use of the outgoing light, the fingerprint image is formed. The light
source (2) is disposed so that the light from the light source (2) enters into a substantial
center of a part of the finger (1) including a first joint on a palm side and that the light

source (2) is contacted with the finger (1)

Fig. 10




