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I nvention relates to a fingerprint input apparatus and, in particular) to
an optical fingerprint input apparatus for enquiring a finger pgk ' y
the use of a two-di nensional inage sensor. As an optical fi ngmlw M’"ﬂﬂmmﬁ
apparatus using a two-dinensional _ ; image sensor, an optical reGI ectiv
fingerprint input apparatus and an optical transm ssive fingerpri nfm?znput
apparatus are known. Recently, attention is directed to the optical

transm ssive fingerprint input apparatus. In the optical transm ssive
fingerprint input apparatus, light at first enters into an inside of a
finger, is scattered within the inside of the finger, and tanes out of the

finger through a surface OfﬂWﬁE&ﬁﬂTﬁgrwdﬂgMT% By the use of the
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thereafter guided to the optical fiber bundle. As illustrated in Fig. 6
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On the other hand, in order to meet the recent demand for

reduction in size and thickness of the fingerprint input apparatus, use is



The light emtted fromthe LEDS is irradiated froma | ower side or
obliquely Pramthe | ower side of the ring 110 and injected through the ring
110 into the finger placed an the fiber optic plate 100. The Light
transmtted through the finger is guided through the optical fiber bundle
of the fiber optic plate 100 to a twa, di nensional sensor. In this case, the
tight is guided through the ring 910 as an optical guide to the finger.
Thus the light is irradiated to the fing2r fromthe | ateral skies thereof.

f S Referring to Figs. 7A and 7B, an existing fingerprint input apparatus
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descri bed i nigh Wo the Mghtisblrde is infadiated from the latedal side or ghiiquely

i rradi ated obl i quely
from the lateral side of the finger to the optical fiber bundie 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 |l ower side of the finger through the light transmtting ring 110
whi ch serves as a finger position guide. Specifically, the light is emtted
fromthe light source (LEDs) to the air and thereafter enters into the ring
110 as the linger position guide. Wth this structure, an optical loss is
great and, in order to Conpensate the optical |oss, the tight source nusk
be increased in brightness. This results jn an increase in power
consunption. Can the other hand, in order¥to conpensate an insufficient
light quantity w thout increasing the power consunption, the |Iight nust be
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the finger.  If the electrostatic charges have very strong electric energy,
the two-dimensional sensor may be broken, In order to avoid the
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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 lllustrated in Figs. 8Aand
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.



invention is already known. The operation principle is based an the fact

that, when the light is directly irradiated to a finger as an object arid
nanes out therefromafter scattered in the finger, the fractions of I|ight
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, the fraction of light tamng Pramthe
protruding part is incident to the opticag4 fiber at a small toss aver an

aperture angle of the optical fiber because an end of the protruding part
Is contacted wwth an end face of the optical fiber 4n the other hand, the
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with Figs. sfollowinggespretsst at i ¢ capacitive sensor 17 is provr ded with the
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close proximty to the sensor before it approaches the antistatic mask, the
el ectrostatic charges are discharged to thud sensor to break the sensor

it is therefore an object of this invention to provide an optical

transm ssive fingerprint input apparatus which is reduced in size by
arranging a |ight source so that light fromthe light source is Incident to
a substantial center of ‘a part of ‘a anger. |nclud|ng a frrst Jornt or




(9 ) Afingerprint input apparatus conprising a |light source for emtting

| ight and a plate having a finger contact surface with which a finger Is
brought into contact In order to pick up a fingerprint imge of the finger,
the fingerprint inage being obtained by Introducing the Iight fromthe

| ight source into an inside of the finger to scatter the light within the

I nside of the finger, and collecting the Iight tam ng out of the finger
through a surface of the finger to formthge fingerprint image, wherein: the
| i ght source is arranged so that the light fromthe |ight source enters
into a substantial center of a part of the finger which part includes a "W
first joint fromtivalower didedf thefingepthrough thedight trarsmjtting Hogcda s

adapted to be brought into contact with the finger rprint input
appar atus asvwhiehserves as ainger pesition Smdﬁhe@?ﬁf"fﬁﬂ@ Mi‘gﬁﬁ& g iRl ¢ he
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urality of optical fibers. (4) A f |ngerpr|nt | nput
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( 5) A finger fradiatéd HEmanBISSE présiniie! of the' Mesuped sarfaph th?augh«m ei n:
ring 110 as the finger position 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 optical 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. 7A and 78 and
Fig. 5, the light is irradiated directly to the measured surface of the finger.

In Figs. 7A and 7B, 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 differant 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.



the fiber optic plate has a peripheral end face surrounded by an

el ectraconducti ve substance which is grounded. (6) A fingerprint input
apparatus as set forth in paragraph (5), wherein: the el ectroconductive
substance is shaped to clinb up onto an end portion of the finger contact
surface of the fiber optic plate. (7) A fingerprint input apparatus as set
forth in paragraph (5), ,, wherein: the ectroconducti ve substance is a

| i ght.shielding substance, (8) A fingerprint input apparatus as set forth
in paragraph (9 ), wherein: the finger contact surface of the fiber optic
plate has a protrugy Fiy. 5 the Hghts ifadiated:to the finger obliqudly ffomdhe lower

whi ch has a Shape such that a fingertip of the finger is surrounded by the
prot rudi ng psidei ofithexopticaltfiberburedie of thelifiber apticiplate.j oimthis casepthe r udi ng
portion having at section such that one side faged o the finger. extends
al ong the fillgeinating apficakfibers are nohrequired. aﬁ'ﬁsrlﬁ?ﬁgs icadialed ta the | n
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addi tional 'él%g)?d,im&)?ﬁoné)? Pheight'6Cithred in' 1P Hir 1808RAEIHE fiRGefdtint Of L h

I n paragraph erern:” the protr ng portion ha ant Surface which

i s defined byafié\pisoneaivtedads & irightparen Thasdhiomdihodile basically avhi ch is

adapted to be fitted to the finger) the slant surface having a |ight
shi el di ng pomeasurementdfian apticakneflestive type.onOrethe otherthand, extemal

finger, the |light fromthe additi onal .
J ligl%’t (upon measurement dourﬁ\g the daytime) performs a behavior of an

optical transmissive type. Therefore, canceling points are present and
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result in unstable measurement.

As a technique of a small-sized fingerprint input apparatus
presently known, reference will be made to the invention set forth in claim
3 of Japanese Patent No. 30456629, An operation principle similar to the
invention is already Known. The operation principle is based on the fact
th.aat, when the light is Jlrectly irradiated to a finger as an object and comes
out therefrom after scattered in the finger, the fractions of Hght coming
from a recessed part (valley) and a protruding part (ridge) of the fingerprint
are incldent 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 fiher 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
recassed 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
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claim 3 in Japanese patent No, 3045629, a critical angle is present in case
where the light coming from the air layer at the valley of the fingerprint
enters into the optical fiber bundie, and the axis of the optical fiber must be
inclined so that the eritical angle is beyond the numerical aperiure of the
oplical 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 incldent angle 8, 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°. In this
event, the end face of the optical fiber has an extremely long elliptical
shape. The reselution is considerably different in a long axis direction
and in a short axis direction. This results in a disadvantage that the
resolution in the long axis direction is degraded. Taking the above into
consideration, it Is necessary in practical applications o 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 electrastatic charges accumulated in the finger affects the operation
of an LS| (Large Scale Integrated Circuit) used as an image sensor,



12 Figs. 7A and 7B are a schematic view of amexisting fingerprint input
apparatus and a perspective view of a fiber optic plate used therein,
respectively; Figs. 8A and 8B are a perspective 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 |ight
comng froma fingerprint valley (air) enters into an optical fiber; Fig.
10 is a schematic view of a fingerprint ifwput apparatus according to a
first enbodiment of this invention; Fig. '11 is a view showi ng a brightness

i nger pri nt Testol A8 AeEbbatafREhar5RR Miinl uh FRAUPAH! oI Mo ehBREL, )| "
Cecond erhodt oty UBRLHBLU Hhdke, 6 Bhgsdting BIHRCERAING SengBhIs’ Ling t he-

di stri buti orpravided Withitheetraneparentelétieodie tayar ofra thin fdy) sueh d¢'BndTO a

perspective view and a sectional view of a ?qrt of a fingerprint input

appar at us wolindivgn fTan Oxide) filnerbbiowaver, the thin filmhasailarge elegdric 15A and
art of a fingerprint

o el Teabiabek e ot A R siscrbesl Sohiase Rbuaton "y

fifth empodi TEHNAPEpREY be sdgGeBr: Th agittn MERTEE bl RE Ppldic

fingerprint dHdtyesINBY détéforate the thin film itself. Furthermore, the thin film is
worn as a result of repeated contact with the finger for a long period of
time so that the ability of discharging electrostatic charges is degraded.
As described In conjunction with Figs. 8A and 8B, the static capacitive
sensor 17 Is provided with the electroconductive mask 16, 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.

p—

Summary of the Invention:

it Is therefore an object of this invention {0 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 {0 be brought info
contact with the finger.

Fingerprint input apparatuses according 1o this invention are as
follows:



according to a sixth enbodi ment of this invention; Fig. 18 is a
schematic view of a fingerprlnt input apparatus according to a seventh
enbodi ment of this invention; Fig. 19 is a view showing the relationship
between a refractive index of a LED package material (p) and a |ight
transm ttance when a LED package is contacted with a finger (P-finger (100%
contact)); Figs, 20A and 20B are a schemagi c view and a plan view of a
fingerprint input apparatus according to an eighth enbodi nent of this
invention; and Fig. 21 is a view showing the brightness distribution of a
fingerprint image (19Adfihgermprintinpitapparas comrsing wslightadouree for nger pri nt
i hput apparatus without an LSD below a first faint. Description of the
Preferred Erdbittingdightand aglate having afingencontact suffasewith whichfeer r ed

Ferare o e o ORSF o e i of e o

Pp ses. a Tndgh te Afgeiaitiniads, bRl Gbtifed BABRBUBEING e BhCPom ni cn

of ' theti ngene iMtELurCE AN Igilie'd] the igertocakier g IGhPWAHI e | TR0

from the |i dghsideoof the finger, and ¢oligctingtthedight ¢omihg cut of thée fingelr thn:cmtquenger
(6]

1, is scattered within the inside of the finger 1, and conmes out

finger 1 thrdBYHaceolherfingerde formdheifingerpuntimagegwhegei ght. 8y the use
f th t goi ng | ight,_Lhe fi int i i f d. i ght 2

’s arranged so t naheyiaht $opk e 75 BRanged 48 et g3 iim tag iahbspuiee °°
Ralialbe f . 3 : foist e

ool o1 de arIREFEInt8)a 8uBStntal cefer o1 Bart of e Whien pdrtinciBul L1 °

wth the fi rfiret joint on a paifn Bidk of the fingérend that thée Iight sburcels ddapid@ ng

the first joint on the palmside is a_region within 10mm above and bel ow
the first jidbrosghtinte captactwihtheBinger.m si de. That is) the part

including the fir JReY on the palmside of the finger is a,region

bet ween a |ine nezh(ﬁf@qpﬂnkw '?P%’afmgﬁﬁ?ég?“ﬂﬂﬂgnﬂm%f j oi nt by
|,0mm and a qihéggnt |ine farther fromthe fingertip than the first joint
by 10nm on the palmside of the finger, The fiber optic plate 3 conprises a

bundl e of a pl uraltheyart inghadiogl thei firet joinfitr the palmf sidenaf tiee ifingler iIsaur ce 2
is at first introguglgg into the finger 1) is gfattgrd in the finger 9, and
cones out fAEGAMmeetweenaling "Pﬁéeffq%n@gﬂgfm the Bnggothan thefiest jaine
outgoing i | : Mo L ker he,, fL.ber i C
pi'ste 3to SY 10MTARER dhitbrtnobiIanRekl R tht WfioReth tiaiE e BRRIORF by
the two-di meygrAN8h thegsnssiedsf thelfidgdr, the fingerprint inmage. The
fingerprint input apparatus has a nmeasuring surface (or a finger contact
surface) provided (& Afingerpgnt inputainfiaratysoas iseh farth av paragraph (1),

wherein:

the plate is a fiber optic plate comprising a bundle of a plurality of
optical fibers.

(4) A fingerprint input apparatus as set forth in paragraph (3),
wherein: '

each of the optical fibers of the fiber optic plate has a fiber axis
y inclined towards a base of the finger at a predetermined inclination angle
with respect to a normal fine to the finger contact surface of the plate, the
Inclination angle falling within a range between 45° and 60° with respect to
the normal line.,



an area except the light source 2 and the fiber optic plate 3. The
fingerprint image fornmed by the two-di nensional inmage sensor 4 is sent to a
fingerprint. image processing circuit 24. Supplied with the fingerprint

i mage, the fingerprint inage processing circuit 24 carries out
predet erm ned i mage processing upon the fingerprint inmage to produce art

| mge processing output signal. The fingerprint inmage processing circuit 24
supplies the i nage processing output sig to a fingerprint collation
circuit 25. the fingerprint collation Grcuit 25 carries out fingerprint
cal l ation, As descyi.bed abov this invention reljes upon a basic technique
in which the |ight€$@%ﬁeﬂeﬂﬂrﬁ}@ 'HPPZQBBE Staﬁaﬁe{:@ﬁ\ Inparagr (@ i ght
source 2 ent@h% %@%o t he substantial center of the part of the finger-1
including th f joint on the palmside and that the |ight source 2 is

adapted to be ~'trfe1ﬁbéfaahé dnéthqﬁ@a_tﬁéﬁpwérhhehaﬁ*géé @.Wouhdeul%gﬁ

exi sting technique, the light ‘irradiation’is carried out as fol The

|i ght emntt eglettrapontuctivesubstance sthithisgreumded. | nto the air and is
thereafter irradiated to the _finger. Alternatlveliy, the tight emtted from
the light source péBAENgerintHinpHtapparatustas sel forkh inHearagraph (Phsi ti on
gui de or the hike ,cones out fromthe finger guide, and then enters into
the finger. W Qrﬁlhore, 50 to $gla of the light quantity is lost. In order

to conpensate the i o | | t ' r om
the class proxim t{yég 'e%g?t#éhv%sﬁn#%H%}Mg%@bﬁiﬁpﬁﬁgﬁﬁ@
fight C quanpbitior 6f BRNihger abhaclisurRicendf thetfitRioptic slater area and a
peri pheral area close to a position where the light is introduced. This

i nhi bits stabl e en(F)iafingerprintdaput apparatusras setforthviarparagyapin (5),

i nt érmedi ate part, at an Internedi ate position between the first joint of
the finger tWBRE®H e fingertip is used as the neasured portion. The

. 4l p!s as! e to th
first Joint cand P ohe geocondbatiDEiistaiod P okt Shisfdhbitaag, 0 1"
portion. Wil e thed)iAfingerhrintdapubeppatatasdaovet fopthiingrfdgfiash prce) the

light is scattered within the anger 1 so that the nonuniformty in |ight
quantity is wbeteisd. I n conparison, in case where the light is irradiated

f the | at | sj d f the fi 1)t i ght ' [ i f

and [ nsuf 1 ci ent ;e FROSkARAacksBEacE of1Hs et Gatijaals bk & pradidiag dar
nth ¢ . . Coent . . 2
2t the posi thaTeRwhich Eahes e BGEBR he ihglr AWl s Mihand Bbel | 0,
source 2 notthetlayfingeripy of e fingk rssijrrmmbP/QHemfraemgﬂpéﬂiddwééﬁtst
joint but also compensates the light quantity In the center area, which

tends to be 't Raddneluging theifiegtdoint, e prajruding poston baving-a sectiont he
Fnoer i N ot B Blossfto 1V RR56E s 0BrRe MiShS RO TnbRE, "m0 LY
t_.-h? result of actugd) A fingerprint input apparatus as set forth in paragraph (8),
further comprising:
an additional light source located in the protruding portion, the
protruding portion transmitting light from the additional light source.
(10) A fingerprint input apparatus as set forth in paragraph (9),
wherein:
the 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 the additional



measurenent illustrated in Fig, 11 (brightness distribution read by the

t wo- di nensi onal inage sensor 4 in Fig. 10). Furthernore, in this invention,
the finger 1 is brought into press cantact with the |ight source 2
Therefore, the light does not pass through the air so that the optical iris
at the boundary between the finger 1 and the |ight source 2 is reduced. In
ot her wards, because the optical loss is small, the |ight source 2 driven
by |law power is sufficient. Specifically,1by arranging the |ight source 2
at the position near the first joint it is possible to achieve both the

lighting effect sufficient to formthe fin erd)rint i mage and t"[hai equal i ng
1(:affﬁcjts of dsuglptsbaum?bem lrﬁdﬂ(jmﬁrﬂsit e f"!ﬂﬁrfm. fﬁ?oB? hfer c
echni que descgy,i be oV, e_dj.sa xi sting techni que can
be consi der agfgh%ﬁ pe?%hﬁﬂﬁgg\&&?\&/@‘eﬁ@eﬁomi ning the fol | owing
t echni ques) the pe r ﬁﬂr,it bat ] p@la hqay be

i nproved further. E{lﬂ)ﬂaggghi'ng‘hpgt Epghgézm%?%jﬁ!gfg?‘ﬁ]t |r9|3§? gpgar at us
accordi ng t oywhargfigond enbodi nent 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 athe light sogree is adapteditoemitneasinftarged light havipgag © -

60) with respect to a nornal |ine E& bBe finger contact surface of the
fiber optic Wavetengthpetween §20.and LEONM: he narluniforrnity in Iight

gquantity is reduce i 0, nder

i nferior neasuri ng?%!h%ﬁéﬁﬂg@mgbk;gﬁ{;eﬁﬁﬁm ﬁ{eB éﬁ’rqgéﬁrq lut .
Referring to“m;jéh- 3, the description will be nmade of a nechani sm of the
above- nmenti one e# ‘ect. In Fig. 9 3, each of arrows 19 represents the
intensity and the ¢he light sourde comprisgsta ligi emittingelement shilm for emittiag
fing ' f ' i | i ght,. he_r,

1751 Rumer #he fight 8pAcs enckage Tada b 3 Nk RNEIPILIBE irstie Fitedal M or o of
the optical fji 22, i | i.on (ridge)) 23, a fingerprint
recess (vall aﬂte’%ﬁ%ﬁaéhgd@ﬁ%iﬁﬁ%ﬁ%egﬁgy gﬁip\ho di nrensi onal |ight source,
P/, a position neagpg 'ugrﬂ nandiiting prRetic matsriat tavirg aféfractive Indéxnof ar

fromthe two-dinensional |ight source, P3, a position in the fingerprint
prot rusi on ngreaterdhanct.8i whichi isramrefragtive indexdsf a skin of thesingerh I n t he
fingerprint recess near the two dinensional |ight,soyrce, P5 pRsition in
the fingerprint pr&ig),léi arpring mﬁmﬂf %ﬁgr@ﬁgfqﬂhfn Ppgqqrag&ﬁie, P6, a
position in &vﬂf lJ‘e'br(.}gerpri nt recess far fromthe two-di nensional |ight
source, PO-1 % -18, light direction distributions at the positions of

Fo to Ps B c a tot ghe philesictprovidacowithai gaiting light sburseiczated abitsopt i cal
fiber. The finger has a nature adapted to scattering of light, Therefore,

the |ight di peripherydosemitting ight ta guidethadingardo aproparnasition. o circle

as shown in Fig. 13. Specifically, the direction of the light incident to a

given point in Fig. 9 3 will be considered. !t is assuned that Pa is a

center position of LD oF B Drhivry: source farnmed by reflection at

a ‘fi,nger bone or t KE. T [ne 0 Tromthe position Po of the two-
di mensi onal i ghtFi?.omﬁse view forduseriting antexisting technique of ircadiating i s

al so incident fromother directions so that the light direction

di stri buti on ligit ta@neend eof iacfingemape (P,-'18 and P.-18 in Fig. 9 3). At the

fi i nt t. i, b - ti |
Hovever, due to t hEighaap &5id 2B PR e ARG 4 RECHFHIVipd 180 gk ciflng

| i ghtl h - 2 ' i i [ « th
opt cal "1 boret SXSHg s pEfraialig ighttrom i lalihal Sic of W ihgBk, | 0,
introduced within thg B3 vieW fdtdidstnbig Bhaatistimytectinique ofridiating3) of
the optical fiber so"that a bright portion beconmes nore bright. On the
ot her hand, tlightifiaghta lower side ofra ingér air |ayer at the fingerprint valley

is remarkably scattered because, of large refraction at th oundary bet ween
the finger and the Figr 4d8®@ V'e“&fQquﬁcé%"&?ﬂﬂﬂ"ﬂe?mﬁ@W&?@"ﬁ%‘?ey and t he

anger. Therefore, t iy i t] ; i i igaghes a
Girele (Pari e aBpB i yRW Ry AUy il noffer whiblif; eaigag < 1
at the boundary betpygen i o chasth | fd ne test i T.
Therefore, the Iighr:‘gl' Ec‘??eﬁtaq{f) theﬁuﬁﬁgﬁ???ﬁﬁw&ﬂﬁr?her r u?ed. Due
to the shave-nentioned reasons, the light in the valley does not have a
significant correlation with the inclination of the optical fiber axis.
Furthernore, no critical angle is present in the reflection, Therefore, the
reflection is sinply increased if the inclination angle (incident angle 6
,) is equal to or greater than 80, as Shawn in Fig. 9. Therefore) the
direction and the angle of inclination of the optical fiber is related to
the position of the |light source 2nd have optimum val ues. As an

T 1 o o L o - o S P T e e I




(2) Referring to Figs. 14A and 14B, a fingerprint input apparatus according
to a third enbodinent of this invention will be described. The fiber optic
plate 3 has a peripheral end face surrounded by an el ectroconductive,
substance 13. The el eotroconductive substance 13 is grounded. Referring to
Figs. 15A and 15B) a fingerprint Input apparatus according to a fourth
enbodi nent of this invention will be descs bed. The el ectroconductive
substance 13 clinbs up an an end portion of the finger contact surface
of the fiber optic plate 3. The el ectroconductive substance 13 is a

li ght-shleldlng suppjeaPPeantd'7B bee axschiematic view pf @i existing fingerprint i nput
apparatus) the influence upon the chayacperisti&i of the two-di pensional

i mge sensorinputrapperatussand@ perspectivecviewneiod fiken Optic plata-usee dherain,
charges accunul ated in the 19 i finger is not negligible although the
sensor is cﬁfﬁﬁpﬁﬁs al type. Therefore, an effective antistatic

o desired. o . ) ) , h

i bor Joptic plate Eid% BARPHHE eh8YPeirpenivaaFarnt 8l otens Vi ofln, e
h t : ' : i ductivit d the |ight

sych as ne aérﬁpﬁyﬁgggﬁdpmé;ggﬁg&'c conductivity an elig

shi el di ng abi el ectroconducti ve substance 13 may clinb

up onto the end poFid.®nisla vidwidiovingdhe refationship between light oundi ng t he
el ectroconduct hre substance 3, the electrostatjc charges,accuul ated jn the

finger is eftransmitancesandan incidentanglewhanlight coming-Brmadingereiit: ance
13 serves to oi d undesi red, entry . of rnal disturbance |ight through a
si de sxrfacevgﬁe* Eﬂl#fﬁﬂiéfsqu @ﬁﬁ@p@l gég%hus tlhe. gl eet rocolnggjucti ve "
subst ance 3 has dopﬁve"ﬂg ?%eﬁﬁ%wge gbfbrﬁh g\%ﬁplginﬁﬁ,apfpa‘ranmerprl nt

| npyt apparatus accdrding to a odi nment \ be described. The
anger Cont aChcégrdiﬁgeto@ fitdtaerhbodiment ofthi$ inverdions provided with a

protrudi ng portion adapted to surround the fing ,rii_ of t e(g,fi nger, 1
except thehab](c)ve- nEig.i thisda view shewing; & grightnass, 'ﬁ’}&ltlﬂnp a V‘S@?p'f"at

e . 0 T . . .
i de faced ¢ Imad Ak atwdkaiaasiamah gehsar of i fngertifitifyfdePerctds O

17, a finger FE# 1’@@&@&3{)&% Hél(%ﬂéoﬁl@iﬁﬂnfp a sixth enbodinent wilt be
otr

descri bed. The I'ng portion is provided with an additional I|ight
source (such as anFigiDI2 b @)schenatit viewiof adihgerpnint input@pparstus | i ght
source 5 passes through the protrudi{}g Ror*h‘?n.a hus, as illustrated in
Figs. 1G andaceording torasecand £pbedinanto BRI & gui de far

positioning the fipger,d.t r f f ; ; i '

(prot ruding port i of 18 1518 B BFK B elsehBFiabie YsRAMSE SE ot e’

tri angul ar S?ﬁ%mgerml y an upper surface to be touched with the finger 1
has a shape fitted to the curve of the finger 1 so that no unconfortable
feeling is caused Wigs 14& and¢B sre a perspectiveajawsanda sectiphabvieyeobd t he

id t rudi t 5), fi tact 1S, d hat
711 i it | no AeFAL AdingerBint Inns APRATENA ARG o APl SBRAaRfel, ",

the finger 1,n. gr quantity. Since the section of the guide
(protrusion 5‘)‘%'@"8&@ ally triangular) the light reflected at the other

side (surface) oppjise18A dnb15Bdielfperspactiveaiéwnaral aSettionat view ofiar ds
the finger 1. At a bbundary between the finger 1 and the_upper $urfac?
part of a fingerprint input apparatus according to a fourth embodiment ©

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 apparatus
according to a sixth embodiment of this invention;



touched with the finger 1) there is alittle difference in refractive |Index
between the material of the guide (protrusion 5) and the skin of the anger
1. Therefore, the light is alnpbst entirely transmtted into the anger 1. In
1 1 case where the finger 1 is a small finger of for exanple, a child, the
finger 1 does not touch the guide (protrusion 5) and the above-nentioned
opti cal nechani sm does not work, However,.l ateral conponents of the |ight
emtted fromthe guide (protrusion 5) ard3irradiated to lateral sides of
the finger 1 and injected into the finger 1. Wthout the guide (protrusion

o)1, Lhe 2bove- rentk gnad Eorpenhene b/ ARABBHR ekt SHRARDR.. LY, g
(0,3, sevent giehTh Giveh bBSARARToI A perfepe | bod The quide

section facedrigo 1616 & Vieseshowing tivé relationshipebetwdoerm ainefiisictived to t he

énéér 1. The slant surface has a |ight shieldin%‘portion 7 farped iﬂéﬁ
first half rlegiexofrebED package nateriat(P) agda iig tltﬁan?rm&tﬂﬂquﬁm%

020 g et A P SO 50
Jurface. Ther of o o0 OP Bt LRI RSl SIS e dpan R & o,
to the Measupadedititingut Apearitas Webrdingabanteiith dmbodimentof this: case

where the ligh¥ I's I ntyodu nto the anger 1 froma position at a very
smal | di st anggrention: ahe neasured surface, nonuniformty 21 in |ight

Teasur et sur i ace. | Eigs @Aciscalviaw Shewing 0 Srigbtabss IsiiRIGh O 8 frgerprnt
1 ght. quant | 9B Fea Y » s88-AiRfndiBfalfage BehapLrtne RPRSIILABL | "

(Flo. 12), tLephidfid withdut dRLED beieid frst faiet. 17), and the seventh (Fig.

18) enbodi nen this 1nvention) the |light source 2 produces near
infrared |ight having a wavel ength between B2 and 980 nm |In case where the
| ight source 2 is the near infrared_|ig source, |ight attenuation in the
finger 9 is small B RUOE exeven with low electric

D e 2 OO N S8 A BF e prefeye o o
reduced. (6) “*L‘EB*“EQ‘%'?WW?*MMW gpav]ing_l), the light source 2

conprises an as a emtting element chip for emtting the |ight
arid a package 2b mfiestaieferrinigita Fig. 405 @ fingerpript inputapparatys acepwing

envel opl NG L be adirat ambodiment &l this iAvention is 8t Bn’Sptical TrRErhRsvEpe

and comprises a fiber optic plate 3 having a finger contact surface with

- which a finger 1 is brought into contact In order 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 fingerprint image is famed. The light source 2 is
arranged 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 adapted to be brought into contact with the finger 1.

¥



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 a transparent
plastic material. Generally, no attention is paid to the refractive index
of the plastic material. However, in the fingerprint input apparatus
operated with |ow electric power, it is necessary to increase the |ight
transmttance to the finger even slightl%. Therefore, the refractive index
of the plastic material is desired to be 43 cl ose as possible to the
refractive index (1.8) of the skin of the finger, However, in a range

smal | er than the r@%@?@g@thie oqfthémpckhqgﬁ,hl%%iﬁg; aﬁﬁ%ﬂ%@tr&p ] ttance

!s not remarkebl e. ST T range w can he re ractive
i ndex (13) gaalﬁhsﬁdeﬂe @ PeHioBewitRire1 0Rim igbovel atd Belew théfirstjoint dfthehi s
event, the optical lass 1'S suppressed to 2aJo or less (light" transmttance
bei ng 0.8t dingsrthn the painsikiden | Thatbisy thd patisincluding the figstrjoim@dtthe

contact) in Fig. 19). _In case where the light fromthe LED once cones out
from the padreifeside ehthefinganis a fregisx betwasn aling nearerie & fingerinof - - >

31 is sl iheiingyas havet RIGTpYADINR 480 S ek ling Frki AR, |o°

i ndex (P) of . j j cal loss is
60% or(nzare.ﬁ'iiﬁ'bﬁﬁﬁ@%?ﬁ?&@ﬁ%qgﬂ%z@g%3?2??‘5‘??%%3Wh g‘ made at a
fingerprint input Epefibat optiacplatedarmmdprim a!mjndle@ﬂmﬁlummg offoptivas

i nvention utilisi nq_the above-nenti oned tech -

1)t :
Ref erri ng t ditrirgs. Trenlightfrowghe: lightrsousee Zﬂgzélﬁ;gbéﬁ@&w%d%ngtm&mﬁe 5
inst th i.b tic.plate 3 in which th tical fib d
Wigth 1 dod8 Sobleredaf e fipdes e Sl Somes S TR the siitene ot figer:
t first Jaqj | 1 | | ' t
S coln'[ th egi \%Agttﬁaadn gfrdq]%%r etjl?? ng&ggg%ﬁﬁgﬂ@é@gﬁ?géggh& g toegﬁg

l'i ght sour cditikrsofithe filler@ticplate A toca pasidinendionsibdrasdr® fSapplidédp, a
red (or green) LED 9-2 is dlsposed to serve as a pilot Iag)fand a finger

posi ti on guiwigh the cutgeing iahtothe fwe-dimensionalimage-sensord formyetha | s
pl aced, The the f| r 1 touches the guide (protrusion 5). Therefore,
even in a dgﬂnQ%PE‘QiFHSQE'I inger 1 can be placed at a proper position.

Since the nar-inf rm@ﬂggb%ﬁnﬁﬂgugggﬁgrﬁug%@afrh@és%wg.,gfﬁtbﬁgsrlant he

| i ght source 10-1 can esse nst the first | ger 1

aver a w derfirgeraortacksurfacenpraviged with ajight shisldingdortionds forhed frour ces
10-2 for irradiating | ight fromthe lateral sides of the finger 1 are
arranged at anarepexcepbite light spuncecs angrthediheropfia plateds. the 1 ght

To the l ateral s i Baffrn bl tbrig by the hibRisheriskRAiegh Sens°°

(protrusi on&ﬁe%w% mgbirﬁ!ﬁt-frﬂﬁa@ procésingirelitd@4. TEUBpléd With et

guantity on t the right sides of the nmeasured portion |s

sati sfied. Hngerprintimagepthe fingérprintdmageoprocessirg cineuit24carrds outf ace,
the light quant, I,.S suppl enent ed l? four hegf LEDs 9- arringgd at an end
portion of thfedgierainedd pracessing upgpdhedingerpint knage 1o producraRat or

reasur eront AP RGBS tpat ABfa THE tbRiHin s BréiRelil praut o .
and 9-2 for 2 edpiied 1hé me/lirokessBiy cbipan sl togefinderint Eelanon "

position are di sposed aroun optic te 3. | e enbodi nent

I 1l ustrated dircuit 28. Tha fingerpfint colatien circait 25 cartlesroutffingarpfint he i ber
optic plate 3 js surrounded by a netal frame as the el ectroconductive
subst ance 1%olfpdienyetal frame is grounded. The

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




metal frame in this enbodi nent has an end face flush with the surface of
the fiber optic plate 3 so as to avoid an unconfortable feeling when the
finger 1 is contacted. At a first glance, It seens that the contact with
the finger 4 is not sufficient. However, because the nmetal hors an
excel l ent conductivity and the fiber optic plate 3 has en excell ent

I nsul ation) electric charges accunul ated 4ag0 the finger 1 are discharged
towards the netal franme when the finger é‘%roaehes thereto. The effect of
this Invention Is as follows. In the fingerprlnt input apparatus the fiber
optic plate, ' ' and the finger guide are received
in a then spg%:%ﬁmg%%staﬁ%%ﬁ% gﬁg‘ﬁgﬂ;pl ane 2nd in an area adjacent to
the measured surf ageth existingi technique; dhe lightirfadigtionrs cartied aut aspar at us
has a Conpact structure aid Is_yet resistant against f,the e{ﬁe!gir ostati.c
charges and follovest eThalllgh'ﬁtﬁmﬂBdrf&"ﬂh@ﬂghtlﬁ&!{Gﬁiacti et entars dntg therir g e
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of the near- I ency, electric power far lighting

the LED is sfrgér.soThepsforée50 to 8% of the lightiquantity istlost.i sinsonidesitoe far a
mniaturized nobile tel ephone apparatus. fn addition, t:}s finger %!tﬁe I n
Figs. 20A ancoagqmnsatedbe |©Ssaﬂler|iﬂf§ﬂ'aﬂ§hbeé'ﬂtr‘adﬂﬁﬂ$t"?t9 ﬁ%ﬁ r fremitheang
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with the cas asses through the air, the light i's nore

ef fectively wuped dysed@yaqosition wiiere thedjghtTainteoduced.c Pbiscinhibits stabla i ng
i s reduced correspondingly The LED arranged In the vicinity of the first
joint and haarwgrelablemeagurementice shows snooth touch of the finger.
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I n case wher rce 2 i (or the near-infrared |ight
source 1 D 1measues p8diomndTRe Beardniraret lightsountgos |5 lovateday® shown in
Fig 11 is obtained.. Wthout  the gboye . nentioned tight, source. a ..
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the finger tQpdidfitertichdd dRtanddahbilightis sbitterad within the fingeo so that

i 1lum nating nethods adopt the above-nenti oned arrangenent One exanple is

i|lustrated itheFigrunifofmityindightguantity is redyceche In eepBparisan, imease i s
ticularly dark j | t _In the, fi i nt_ in Fig.
D e | oumwhess e foniediranlated frofodheatersl Sides TR fter LE Rt 1 2. o

: d by t Y . . . . oy
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whi l e the trapgerprat irhage'is davk irtisd cahtériareai s intthisremboiment, thye

fingerprint I'mage. The |ongitudinal brightness distribution at the center
has a cont r agframging the enalightsourcen iaé the positian.cermespeadingte thefitstis t he

3&? on’ Zf ot ok frie Ualt 08t the IksolhgS Boban TiacteteR Lpar o ia;éé’”twﬁif e
Finger arc ndneagoed Sytiagedithiat ¥ ki bullee Aitfprifartiint 1 he

mal function %tgg 1§ 6 Rentér Ardd, WhidRt8hdE 16 Be ddrk a% prentiorrd above, of

I mpossi bl e. r to conpensate the insufficient contrast nentioned
above, the arthermeaBured suffacewp tothefingerimbl Thusidhexontrastis nareaseds in
di sadvant ages, such as an increase in_pqQwes consunptjon and an,increase in
total cost, a@matwhole: ard the nenunjformu dgﬁ'gbiqf*’ﬁ@%& URRye=sedo i n Fig. 10
(or the near-infrared |ight source 101 in Figs, 20A and 20B)) the Iight
gquantity is increased in the center area in the |ongitudinal direction,
particularly on the | ower side. Therefore, the nonuniformty of contrast is
reduced as a whale so that the fingerprint inmage shown in Fig. 91 is
obtained. In particular, the contrast in the transversal direction is
strong and uniformas a whale. Each of the fibers of the fibr optic plate
is"inclined towards the




f rat joint of the finger. Therefore, sensitivity Is high for the |ight
fromthe light source 9 0-1. This conpensates the insufficieney in |ight
guantity in the longitudinal center area of the finger and exhibits the
effect of equalizing the Iight quantity throughout the neasured surface.
The fiber optic plate is provided with the netal part forned throughout the
entirety of ' the peripheral end face and,grounded. In case where the

el ectrostatic charges accunmul ated In the 1 nger have very strong electric
energy, air discharge occurs to the netal part so as to prevent destruction

of the neasuring pqe gﬁo%_n%ﬁﬁ%“éai?ﬁ@cpfs %}'ﬂ“égéﬁ;‘! é& a&m%“fi nger is

contacted with the netal part, the electrostatiCc charg

i nst ant aneousheasirechenifidstrated i pigy ﬁqb@qphhepeg distibufidrs r@g&bgqﬁbi on of

the sensor or the malfunction due to the electrostatic charges dpon
measur ement wotdimensigaabimage sensos4nin Kig. ©0).t HEurtkermors,dnithist ect ed by
an excellent insulating material. Even if the
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s obtained the bbuptiahpoetweshthe 1 andithe A8Re selrdd'3s Hguddnt i rom
the light source enters into the substantial cefiter of the part oI the

finger i ncl uother woeds,ibecause the opticdldogs issmialicthaniighthedurce<2 drigsh tHpur ce
Is contacted wwth the finger. Wth this structure, the fingerprint i1nput
I

appar at us of IO PENYar 8IS %iﬁQFn’ sapeeifically, hparrasgingithelightsaure 2 at tve WHAT
(2) Grar o + PPREor hen Gl filst Bio}, 1P nobEEtery SoniehE bioth dfe SohtiSa emact v « 1
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i ntroduci ng supptessing the moaahiformiipin fight qﬂahﬁ?ﬂ) 8y thebdsictechiRyue nger
to scatter t eIi,lg?hé ithip the inside of said finger, and collecting the
li ght comi ngUBRkNIRd 890y e; the disadvaptage of g existingrtechnique carbet o form

[ant 1 rom <oPeiEEay stliprgsded or MBUlons ) HOWBVE pRoBARIN e o part of

and that sai G T o oy agesCRte Betfofencp siid b Sttty deniaflde’ 275"
finger, 2. Aan bgdmprovedifopther.apparatus as claimed in claim1, wherein:
(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 6'(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 inferlor 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 18 represents
. the intensity and the direction of the light incident to each peint in the

finger or emitted from a paint acting as the light source. The reference



said part Including said first faint on the palmside of said finger is a
regi on between a line nearer to a fingertip of said finger than said first
joint by 1lO0mand a different line farther fromsaid fingertip than Bald
first joint by 10nman the palmside of said finger, 3. A fingerprint input
apparatus as clainmed'in claim1l , wherein: said plate is a fiber optic
plate (3) conprising a bundle of a plurality of optical fibers. 4. A
fingerprint input apparatus as claimed i fl&laim3, wherein: each of the
optical fibers of said fiber optic piste has a fiber axis inclined towards
a base of sajd fin
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appar at us asposiiomeneamths twordimensional tight QOUMCP{,]QCWﬂQh ifaefrorptience
I's shaped to cli up_ante an end portion (15) of the finger contact

surface of shverdimessionalilightisauece, Py, 4 posifiondnithe fingarprinpproteusienas
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has & prot r agcess heat the s iABhsfRR fight BUrE P PAHNIR IR, and i ch
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protruding portion except said {)art i ncl udi ns said first joint, "said
protrudi ng peesitien indbe fpgerpdot raness fan from the twosdinwerisional lightstulcéj nger

e m's, e BpaBiant dipetdnitBhubons ghihe BRRiohesyr Potaac B a sai d
protruding pRtstaPfeflection 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 incidant to a given
point in Fig. 13 will be considered. It is assumed that P, is a center
position of the two-dimensional light source formed by reflection at a finger
bone or the like. 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
protrusion also, the above-mentioned tendency is observed. However,
due to the shade of the valley or the like, the direction is slightly changed
(Ps~18 and Pg-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 ( 8 . 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 alr and



said protruding portion transmtting light fromsaid additional I|ight
source, 't 0. Afingerprint input apparatus as clainmed In Caim8, 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) tire slant surface having a |ight shielding portion (7)
formed in a first half region near the base of the finger, the light from
said additional light source being irrad{@ted towards the finger froma
second half region of the slant surface near the fingertip of the finger.
11, A fingerprint input apparatus as clained in ¢laiml, r sgi d
li ght sour ceeflectioin beswesn tlam \talle@yaﬂnd the finger.| |Bherafam.dg1§i9%& dineshgnn
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ca] ca] ca] ca] caoo] rReféreingstbskigs! 15Atands46Bywafingerprint input apparatus
according to a fourth embadiment of this invention will be deseribed. The
electroconductive subsiance 13 climbs up on an end portion 16 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 apparatus, the influence
upon the characteristics of the two-dimensional image sensor 4 or the
destruction of the sensor 4 due to electrostatic charges accumulated in the
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(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 § adapted to surreund
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 gulde (protruding portion 8) 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 go that no
uncomfortable feeling Is caused when the finger is touched. Because of
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is guided to the finger 1 in a greater quantity. Since the section of the
guide (protrusion 5) Is generally triangular, the light reflected at the other
side (surface) opposite to the side faced to the finger 1 advances towards
the finger 1. At a boundary between the finger 1 and the upper surface
touched with the finger 1, there is a little difference in refractive Index
between the material of the guide (protrusion 5) and the skin of the finger 1.
Therefore, the light Is almost entirely transmitted into the finger 1. In

ol

case where the finger 1 is a small finger of, for example, a child, the finger
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-mentloned 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 he described. The guide
(protrusion §) 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 reglon 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
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in light quantity is increased. In view of the above, a part very close 1o
the measured surface is covered with a light shielding material to form the
light shielding portion 7 so that the crosstalk and the nonuniformity in light
quantity are suppressed.

(5) In the first (Fig. 10), the second (Fig. 12), the fifth (Fig. 16), the
sixth (Flg. 17), and the seventh (Fig. 18) embodiments of this invention,
the light source 2 produces near-infrared light having a wavelength
between 82 and 980 nm. In case where the light source 2 is the near-
infrared light source, light attenuation in the finger 1 is small so that a clear
image is obtained even with low eleciric 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 a transparent
plastic material. Generally, no attention is paid to the refractlve 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 range smaller than the refractive
index of the finger, decrease in fransmittance is not remarkable. Asa
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
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shown in Fig. 19 (see P —~> finger (100% contact) in Fig. 19). In case
where the light from the LED once comes out from the package to the air
and thereafter enters into the finger (P —> air —> finger), the transmittance
upon advancing from the package to the air is small. Therefore, as
illustrated in Fig. 19, when the refractive index (P) of the LED package
material is egual to 1.5, the opfical loss is 60% or more.

Referring to Figs. 20A and 20B, desctiption will be made of a
fingerprint input apparatus according to an eighth embodiment of this
invention utilizing the above-mentioned techniques (1) to (6).

Referring to Figs. 20A and 20B, the finger 1 is pressed along the
guide 5 against 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.). At 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 of the
finger 1 over a wider area. In addition, a plurality of near-infrared light
sources 10-2 for irradiating light from the lateral sldes 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 satisfled. For illumination
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of an end portion of the measured surface, the light quantity is
supplemented by four red LEDs 9-1 arranged at an end portion of the
measuring surface of the apparatus to serve as an indicator of the position
of the finger 1 and an auxiliary light source for measurement,

In the above-mentioned manner, the guiding light sources 9-1 and
9-2 for producing the light for guiding the finger 1 to the proper position are
disposed around the fiber opfic plate 3.

In the embodiment illustrated in Figs. 20A and 20B, the peripheral
end face of the flber optic plate 3 is surrounded by a metal frame as the
electroconductive substance 13. The metal frame is grounded. The
metal frame in this embodiment has an end face flush with the surface of
the fiber optic plate 3 so as to avoid an uncomfortable feeling when the
finger 1 is contacted. At a first glance, It seems that the contact with the
finger 1 is not sufficient. However, because the metal has an excellent

Yyt

conhductivity and the fiber optic plate 3 has an excellent insulation, electric
charges accumulated in the finger 1 are discharged towards the metal
frame when the finger approaches thereto.

The effect of this Invention Is as follows. In the fingerprint input
apparatus, the fiber optic plate, the two-dimensional sensor, and the finger
guide are recelved in a thin space of about 2mm on a single plane and in
an area adjacent to the measured surface of the finger. Thus, the

- fingerprint input apparatus has a compact structure and is yet resistant
against the electrostatic charges and the extemal disturbance Jight. In
addition, the small finger of a child or the like can be measured also.
Thus, this invention is adapted to a wide range of applications. The
aptical fiber axis of the fiber optic plate used in the apparatus has an
optimum inclination angle within a relatively narrow range between 45°
and 60°. Therefore, the resolution In the longitudinal direction is not
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sacrificed. By the use of the near-infrared LED of a high efficiency,
electric power for lighting the LED is saved so that the fingerprint input
apparatus is suitable for a miniaturized mobile telephone apparatus. In
addition, the finger guide in Figs. 20A and 20R is made of a transparent or
a semitransparent resin and has a refractive index of about 1.4 10 1.8
which is relatively close to the refractive index of the skin of the finger.
The light in the guide is introduced into the finger at an efficiency of 40% or
more. As compared with the case where the light passes through the air,
the light is more effectively used by 30% or more (Fig. 19). The electric
power for lighting is reduced correspondingly. The LED arranged in the
vicinity of the first joint and having a fiat 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 oblained.. Without the above-
mentioned light source, a fingerptint 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 aranged 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 illuminating methods adopt the above-mentioned arrangement.
One example is illustrated in Figs. 2A and 2B. In this case, the fingerprint
image is particularly dark in a lower center area, In the fingerprint image
in Fig. 21, the lower ¢enter 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
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the center has a contrast which is small as a whole and is further 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 the contact by the finger and the
dryness of the finger are not gaod, the measurement is unstable. In this
event, malfunction will be caused or, In the worst case, the measurement
is impossible. In order to compensate the insufficlent contrast mentioned
£ above, the amount of calculation is considerably increased, This results
- in disadvantages, such as an increase in power consumption and an
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. Therefore, the nenuniformity of contrast is reduced as a
whole so that the fingerprint image shown in Fig. 11 is obtained. In
particular, the contrast in the transversal direction is strong and uniform as
awhole. Each of the fibers of the fiber opfic plate is inclined fowards 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 whare the electrostatic
charges accumulated In the finger have very strong electric energy, air
discharge occurs to 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
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by the fibers which serve as an excellent insulating material. Even if the
finger touches the fibers, discharge is not directed towards the sensor but
towards the metal part therearound.

As described ahove, according to this invention, the fingerprint
input apparatus of an optical transmissive type is obtained 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 jolnt on the
palm side and that the light source is contacted with the finger. With this
structure, the fingerprint input apparatus of an optical transmissive type

can be reduced in size.
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L @lo% Qmitﬁ)‘h,tl; Ja&‘%‘l %n(:l)a ﬂété]@fdh%vfﬂg a finger contact surface with which a
finger (1) is brought into contact in order o pick up a fingerprint Image of
said finger, said fingerprint Image being obtained by introducing the light
from said light source into an inside of the finger to scatter the light within
the inside of said finger, and collecting the light coming out of said finger
through a surface of said finger to form the fingerprint image, wherein;
sald light source is arranged so that the light from said light source
enters into a substantial center of a part of said finger which part includes
a first joint on a palm side of said finger and that said light source is
adapted {0 be brought into contact with said finger.
2. Afingerprint input apparatus as claimed in claim 1, wherein:
said part Including salid first joint on the paim side of said fingeris a
region between a line nearer to a fingertip of said finger than said first joint
by 10mm and a diffarent line farther from said fingertip than said first joint
by 10mm on the paim side of sald finger.
3. Afingerprint input apparatus as claimed in claim 1, wherein:
said plate is a fiber optic plate (3) comprising a bundie of a plurality
of optical fibers.
, 4. Afingerprint 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 sald 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 80° with respect to

said normal line.
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4] =aBbC 10Q / GLO%H fiber oplie (ii&te has a peripheral end face surrounded by an
electroconductive substance (13) which is grounded.
6. Afingerprint input apparatus as claimed in claim 5, wherein:
the electroconductive substance is shaped to ¢limb up onto an end
portion (15) of the finger contact surface of said fiber optic plate.
7. Afingerprint input apparatus as claimed in claim 5, wherein:
said electroconductive substance Is a light-shielding substance.
) 8. Afingerprint input apparatus as claimed in claim 1, wherein: |
the finger contact surface of said fiber optic plate has a protruding
portion (56) 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 sald first joint, sald protruding portion having a
section such that one side faced to said finger extends along said finger.
9. Afingerprint input apparatus as claimed in claim 8, further
comprising:
an additional light source (6) located in said protruding portion,
said protruding portion transmitting light from said additional light source,
10. Afingerprint input apparatus as claimed In ¢laim 9, wherein:
sald 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 (7) formed in
a first half region near the hase 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 880 nm.
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said light transmitting plastic material having a refractive index not
greater than 1.8 which Is a refractive index of a skin of the finger.
13. Afingerprint input apparatus as clalmed in claim 1, wherein:

<

said plate is provided with a guiding light source (8-1, 9-2) located
at its periphery for emitting light to guide the finger to a proper position.



