
;e3e/,/lp6T,K FINGERPRINT INPUT APPARATUS  Background of the Invention This
invention relates to a fingerprint input apparatus and, in particular) to
an optical fingerprint input apparatus for enquiring a fingerprint image by
the use of a two-dimensional image sensor. As an optical fingerprint input
apparatus using a two-dimensional _ ; 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 fingerprint 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 tames 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 but as the Iight quantity of the outgoing
light corning 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 amount of
calculation Is required far correction. In this event, ix is difficult 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 en oppesite side of the
finger apposite to the object surface as a measured surface. On the other
hand, in order to meet the recent demand for reduction in site and
thickness of the fingerprint input apparatus, use is    made of methods
illustrated in Figs. 1 through 3. Specifically, in the method illustrated
in Fig. 1, light from a light source is irradiated to an end of the ringer.
In the method illustrated in Figs. 2A and fig, fight from LEbs (light
emitting diodes) as a light source is irradiated to lateral sides of the
ginger in the method illustrated in Fig. 3, Iight from LEDs is irradiated
to the measured surface of the finger. In these methods, however, the Iight
quantity in the measured _, _, `. .3 surface Is nanuniform. Correction of
the nonuniformity in light quantity inevitably requires an increased amount
of calculation. 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 Tangle
with respect to a normal line to a finger contact surface of the fiber
optic piste '1a0. This method often adopts an optics( transmissive system
as a fight irradiation system. Predominantly, the light is irradiated by an
illuminating unit located at the opposite side apposite to the measured
surface of the finger (Fig. 4) or by the light source located at the
lateral sides of the finger (f=igs. 2A and 2$). Rarely, use is made of the
method of irradiating the fight to the end of the finger as mentioned above
in conjunction with FIG. 1. The method of using the fiber optic plate is
also applicable to the optical reflective fingerprint input apparatus. As
illustrated In Fig. b, the light from the Iight 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.    As illustrated in Fig. 6
still another existing method will be described. A light transmitting ring
110 is used to position the finger. 



The light emitted from the LEDS is irradiated from a lower side or
obliquely Pram the lower side of the ring 110 and injected through the ring
110 into the finger placed an the fiber optic plate 100. The Light
transmitted through the finger is guided through the optical fiber bundle
of the fiber optic plate 100 to a twa,dimensional 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 finger from the lateral skies thereof.
f S Referring to Figs. 7A and 7B, an existing fingerprint input apparatus
includes a fiber optic plate 1 a0' which comprises a combination at
illuminating optical fibers far guiding light from LEDS to the finger and
measuring optical fibers for guiding light transmitted through the finger
to a two-dimensional sensor. As seen from Fig. 7B, the illuminating 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 proflie (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 an 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 1T is provided with an electroconductive mask 18, relatively wide)
formed around a sensing or measuring surface thereof and grounded.    In
recent years, attention is directed to the optical fingerprint input
apparatus in view of stability end resolution. 1n addition, following the
widespread use of mobile or cellular telephones end the enlargement of the
range of use of the mobile telephones beyond telephone conversation, there
is an increasing demand for security, in parrticular, personaI
authentication. Therefore, it is requested to provide a fingerprint input
apparatus which Is stably and reliably operable and reduced in site,
thickness, power consumption, end price. From the above-mentioned
background, the fingerprint input apparatus using the fiber optic plate and
the two-dimensional sensor has predominantly been used. In the fingerprint
input apparatus of the type, a fingerprint focusing  portion is reduced in
thickness. t=or a light irradiating structure, however, a satisflable
technique is not yet established because of trade-off between the reduction
of nanuniformity in light quantity in the measured surface and the
reduction in size and thickness. In order to minimize the nonunifarmity in
light quantity in the measured surface, the best approach Is to irradiate
the light from the apposite side of the finger apposite 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 mare and more. 'Thus, from the limitation of the space, it is
impassible to use any other method than the light irradiation from the
lateral side of the finger or from the side of the measured surface of the
finger. However, the light irradiation Pram the lateral side or from the
side of the measured surface of the finger is disadvantageous In the
following rspects. For example) consideration will be made of the method
described in conjunction with Fig. 6. In this method) the light is
irradiated obliquely  



from the lower side of the finger through the light transmitting ring 110
which serves as a finger position guide. Specifically, the light is emitted
from the Iight source (LEDs) to the air and thereafter enters into the ring
110 as the linger position guide. With this structure, an optical loss is
great and, in order to Compensate the optical loss, the tight source musk
be increased in brightness. This results in an increase in power
consumption. Can the other hand, in order to compensate an insufficient
light quantity without increasing the power consumption, the light must be
Irradiated from the close proximity of the measured surface through the
ring 110 as the finger position guide. This increases the nanuniformity 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 Iight 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 7S 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 cyst. Therefore, this method does not meet the
demand far a law price.    In Fig. 5, the light Is irradiated to the finger
obliquely from the lower r y side of the optical fiber bundle of the fiber
optic plate. In this case) the illuminating optical fibers are not
required. The light is irradiated to the measured surface of the finger
through the measuring fibers (including cladding portions), The light
scattered in an air layer at the fingerprint valley is measured as a bright
part. Thus) this method is basically a measurement of an optical reflective
type. On the ether hand, external light (upon measurement during the
daytime) performs a behaviour of an optical transmissive type. Therefore,
canceling points are present and 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. 30452g, An operation principle. similar to the 



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
names 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 taming Pram the
protruding part is incident to the optical fiber at a small toss aver an
aperture angle of the optical fiber because an end of the protruding part
is contacted with an end face of the optical fiber 4n 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   7 aperture, the fraction
of light from the air layer hardly enters into the optical fiber. For the
protruding pert, reflection et a boundary surface is little so that the
influence is little. Therefore, the rate of incidence inter the optical
fiber is different between the fraction of light coming from the protruding
part and the fraction of light taming from the recessed part. This bring
about a high contrast. The above-mentioned concept Is disclosed in U.S.
patent No. 4,932,7"V already published. On the other hand, according to
claim 3 in Japanese patent No. 3045629 a critical angle Is present in case
where the light taming from the air layer at the volley of the fingerprint
_; enters into the optical fiber bundle, and the axis of the optical fiber
must be inclined so that the critical angle is beyond the numerical
aperture of 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 9 , 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 B5. In this event, the end face of the optical fiber
has an extremely Iong 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 fang axis direction is
degraded. Taking the above into consideration, it is necessary in practical
applications to seek an optimum condition on the balls of the concept
disclosed in U.S. patent No. 4,932,7p. In the method of using the fiber
optic piste, strong electric energy of the electrostatic charges
accumulated in the finger affects the operation of an LSI (Large kale
Integrated Circuit) used as an Image sensor.    Therefore, the
electrostatic charges must be reduced. in the existing technique described
above, the measuring surface of the sensor Is provided with the transparent
electrode layer of a thin film, such as an ITO (Indium Tin Oxide) film.
However the thin film has a large electric resistance so that a large
quantity of electrostatic charges can oat instantaneously be discharged. In
addition) discharge of the electrostatic charges may deteriorate the thin
film itself. Furthermore, the thin fiIm is warn as a result of repeated
contact with the finger for a long period of time so that the ability of
discharging elecxtrostatic 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 9 7 can not be protected by a relatively thick
insulation film or the like. Therefore, if the anger at first comes into
close proximity to the sensor before it approaches the antistatic mask, the
electrostatic charges are discharged to thud sensor to break the sensor. .,
it is therefore an object of this 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 anger 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. Fingerprint input apparatuses
according to this invention are as follows: 



(9 ) A fingerprint input apparatus comprising a light source for emitting
light and a plate having a finger contact surface with which a finger Is
brought into contact In order to pick up a fingerprint image of the finger,
the fingerprint image being obtained by lntroducing the light from the
light source into an inside of the finger to scatter the light within the
inside of the finger, and collecting the light taming out of the finger
through a surface of the finger to form the fingerprint image, wherein: the
light source is arranged so that the light from the light source enters
into a substantial center of a part of the finger which part includes a `W
first joint on a palm side of the finger and that the Iight source is
adapted to be brought into contact with the finger. (2) A fingerprint input
apparatus as set forth in paragraph (1 ), wherein: the part including the
first joint an the palm side of the finger Is a region between a line
nearer to a fingertip of the finger than the first joint by 1Omm and a
different line farther from the fingertip than the first joint by 10mm on
the palm side of the finger (3} A fingerprint input apparatus as set forth
in 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 inclined towards a base of
the finger at a predetermined inclination angle with respect to a normal
Line to the finger contact surface of the plate, the Inclination angle
falling within a range between 45 and 6O with respect to the normal line.
(5) A fingerprint input apparatus as set forth In paragraph (3), wherein: 



the fiber optic plate has a peripheral end face surrounded by an
electraconductive substance which is grounded. (6) A fingerprint input
apparatus as set forth in paragraph (5), wherein: the electroconductive
substance is shaped to climb 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 electroconductive substance is a
light.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 protruding portion which serves to position the finger and
which has a Shape such that a fingertip of the finger is surrounded by the
protruding portion except the pare including the fret joint, the protruding
portion having at section such that one side faced to the finger extends
along the finger. . , (9) 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. (1 ~) A fingerprint input apparatus as set forth
in paragraph (g), wherein: the protruding portion has a slant surface which
is defined by the one side of the section faced to the finger end which is
adapted to be fitted to the finger) the slant surface having a light
shielding portion farmed in a first half region near the base of the
finger, the light from the additional   



11 light source being irradiated towards the finger from a second half
region of the slant surface near the fingertip of the finger. ('11) A
fingerprint input apparatus as sot forth in paragraph (1 ), wherein: the
sight source is adapted to emit near infrared light having a wavelength
between 8Z0 and 980 nm. (12) Afingerprint input apparatus as set forth in
paragraph (1 ), wherein: the light source comprises a light emitting
element chip for emitting the light and a package made of a light
transmitting plastic material and enveloping the sight emitting element
chip; the 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) A
fingerprint input apparatus as set forth in paragraph (1 ), wherein: the
plate is provided with a guiding light source located at its periphery tar
emitting light to guide the finger to a proper position. Fig. 1 is a view
for describing an existing technique of irradiating light to an end of a
finger; Figs. 2A and 2B are a plan view and a sectional view for describing
an existing technique of irradiating Iight from a lateral side of a finger;
Fig. 3 is a view for describing an existing technique of Irradiating light
from a lower side of a finger; Fig. 4 is a view far describing another
existing technique; Fig. 5 is a view for describing still another existing
technique; Fig. a is a view for describing yet another existing technique;



12 Figs. 7A and 7B are a schematic view of am existing 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 showing the
relationship between a light transmittance and an incident angle when light
coming from a fingerprint valley (air) enters into an optical fiber; 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 faint);
Fig. 92 is a schematic view of a fingerprint input apparatus according to a
second embodiment of this invention; Fig, t 3 is a view for describing the
distribution of light directions ire the finger; Figs. 14A and 14B are a
perspective view and a sectional view of a part of a fingerprint input
apparatus wording to a third embodiment of this invention; Figs. 15A and
95B are 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. 9 7 is a schematic view of a
fingerprint input apparatus 



according to a sixth embodiment of this invention;    Fig. 18 is a
schematic view of a fingerprlnt input apparatus according to a seventh
embodiment of this invention; Fig. 19 is a view showing the relationship
between a refractive index of a LED package material (p) and a light
transmittance when a LED package is contacted with a finger (P-finger (100%
contact)); Figs, 20A and 20B are a schematic view and a plan view of a
fingerprint input apparatus according to an eighth embodiment of this
invention; and Fig. 21 is a view showing the brightness distribution of a
fingerprint image read by a two dimensianal image sensor of the fingerprint
input apparatus without an LSD below a first faint. Description of the
Preferred Embodiment 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
comprises a fiber optic plate 3 having a finger contact surface with which
a finger 9 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 tits finger 1 as outgoing light. 8y the use
of the outgoing light, the fingerprint image is formed. The sight source 2
is arranged so that the light from the light Source 2 enters into a
substantial center of a part of the finger 'l including a first faint an a
palm side and that the light source 2 is adapted to be brought into contact
with the finger 'I .   '14 Preferably, the part of the finger 1 including
the first joint on the palm side is a region within 10mm above and below
the first joint of the finger 1 on the palm side. That is) the part
including the first joint on the palm side of the finger is a region
between a line nearer to a fingertip of the finger than the fret joint by
l0mm and a different line farther from the fingertip than the first joint
by 10mm on the palm side of the finger, The fiber optic plate 3 comprises a
bundle of a plurality of optical fibers. The light from the light source 2
is at first introduced into the finger 1) is scatterd in the finger 9, and
comes out from the surface of the finger 1 as the outgoing light. The
outgoing light Is guided through the optical fibers of the 'fiber optic
piste 3 to a two-dimensional sensor 4) Supplied with the outgoing light,
the two-dimensional image sensor 4 farms 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 4 is sent to a
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 art
image processing output signal. The fingerprint image processing circuit 24
supplies the image processing output signal to a fingerprint collation
circuit 25. the fingerprint collation Circuit 25 carries out fingerprint
callation, 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 palm side and that the light source 2 is
adapted to be   ~I rJ brought into contact with the finger 1. In the
existing technique, the light irradiation is carried out as follows. The
light emitted from the Iight sours at first enters Into the air and is
thereafter irradiated to the finger. Alternatlvely, the tight emitted from
the light source passes through the air, enters into the finger position
guide or the like, comes out from the finger guide, and then enters into
the finger. Therefore, 50 to $gIa of the light quantity is Iost. In order
to compensate the logs, the light must be introduced into the finger from
the class proximity of a measured portion In the measured portion, the
fight C quantity is considerably different between a renter area and a
peripheral area close to a position where the light is introduced. This
inhibits stable end reliable measurement. In this invention) an
intermediate part at an Intermediate position between the first joint of
the finger t 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 et an appropriate distance from the measured
portion. While the light advances over the above-mehtioned distance) the
light is scattered within the anger 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 Iight quantity In the center area, which
tends to be dark as mentioned above, of the measured surface up to the
fingertip. Thus) the contrast is increased as a whole and the nanunlformity
in light quantity is suppressed.    The above.mentioned effect is seen from
the result of actual 



measurement illustrated in Fig, 11 (brightness distribution read by the
two-dimensional image sensor 4 in Fig. 10). Furthermore, in this invention,
the finger 1 is brought into press cantact with the light source 2
Therefore, the Iight does not pass through the air so that the optical iris
at the boundary between the finger 1 and the light source 2 is reduced. In
other wards, because the optical loss is small, the light source 2 driven
by law power is sufficient. Specifically, by arranging the light source 2
at the position near the first joint it is possible to achieve both the
lighting effect sufficient to form the fingerprint image and the equaling
effects of suppressing the nonuniformity in tight 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 at the finger 1 at an inclination angle B ' (45 ~ 8 ' ~
60) with respect to a normal line to the finger contact surface of the
fiber optic plate 3. With this structure, the narluniforrnity in light
quantity is reduced and the contrast is Improved. Therefore, even under
inferior measuring conditions, stable measurement can be carried taut.
Referring to Fig. 9 3, the description will be made of a mechanism of the
above-mentioned effect. In Fig. 9 3, each of arrows 19 represents the
intensity and the direction of the Iight incident to each point in the
finger or emitted from a paint acting as the light source. The reference
17 . l numeral 20 represents a cladding of the optical fiber) 21, a core of
the optical fiber) 22, a fingerprint protrusion (ridge)) 23, a fingerprint
recess (valley), PQ) a position deemed as a two-dimensional light source,
P,, a position near the two-dimensional light source) P2, a position far
from the two-dimensional light source, P3, a position in the fingerprint
protrusion near the two-dimensional light source, P4, a position In the
fingerprint recess near the two dimensional light source, P5, a position in
the fingerprint protrusion far from the two dimensianal light source, P6, a
position in the fingerprint recess far from the two-dimensional light
source, P0-18 to P6-18, light direction distributions at the positions of
Fo to Ps B c a total 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. 9 3 will be considered. !t is assumed that Pa is a
center position of the two-dimensional fight source farmed by reflection at
a finger bone or the like. Then, the light from the position Po of the two-
' dimensional Iight 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. 9 3). At the
fingerprint protrusion also, the above-mentioned tendency is observed.
However, due to the shade of the galley or the like, the direction is
slightly changed (P3-18 and Ps-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 ( 9 c 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    1 J I reflection between the valley and the
anger. Therefore, the light direction distribution further approaches a
circle (P4-'i 8 8 nd Ps-18 in Fig. 13). in addition ) reflection (s caused
at the boundary between an end face of the optical fiber and the air.
Therefore, the light incident to the optical fiber is further rduced. Due
to the shave-mentioned reasons, the light in the valley does not have a
significant correlation with the inclination of the optical fiber axis.
Furthermore, no critical angle is present in the reflection, Therefore, the
reflection is simply 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 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 arrant the optical fiber towards the
light source located in the vicinity of the first faint. 



(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 eleotroconductive substance 13 is grounded. Referring to
Figs. 15A and 15B) a fingerprint Input apparatus according to a fourth
embodiment of this invention will be described. The electroconductive
substance 13 climbs up an an end portion 16 of the finger contact surface
of the fiber optic plate 3. The electroconductive substance 13 is a
light-shIeIdIng 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   19 i  finger is not negligible although the
sensor is of an optical type. Therefore, an effective antistatic
arrangement is desired. 1n this invention, the peripheral end face of the
fiber optic plate 3 is surrounded by the electroconductive substance 13,
such as metal, hawing bath the electric conductivity and the light
shielding ability. A part 4f the electroconducti ve substance 13 may climb
up onto the end portion 15 of the finger contact surface. By grounding the
electroconducthre substance 3, the electrostatic charges accumulated in the
finger is effectively escaped. In addition, the electroconductive substance
13 serves to avoid undesired entry of external disturbance light through a
side surface of the fiber optic plate 3. Thus, the eleetroconductive
substance 3 has double effects. (3) Referring to Fig. 96, a fingerprint
Input apparatus according to a fifth embodiment will be described. The
anger 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 9 . The protuding 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 wilt 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 5 passes through the protruding portion 5. Thus, as illustrated in
Figs. 1G and 17, the protruding portion 5 is formed as a guide far
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    presence of the
guide (protruding portion 5), a finger contact area is increased so that
illuminating light emitted through the guide (protrusion 5) 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 9 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 anger
1. Therefore, the light is almost entirely transmitted into the anger 1. In
1 1 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 5) 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
anger 1. The slant surface has a light shielding portion 7 farmed in a
first half region near the base of the finger 1. The light from the
additional light source G 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 class 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 anger 1 from a position at a very
small distance from the measured surface, nonuniformlty   21 in light
quantity is Increased. In view of the above, a part very close to the
measured surface is covered with a light shieldlng material to farm the
light shielding portion l so that the crosstalk and the nanuniformity in
light quantity are suppressed. (5) In the first (Fig. 'f a), the second
(Fig, 12), the fifth (Fig. 16), the sixth (Fig. 17), and the seventh (Fig.
18) embodiments of this invention) the light source 2 produces near
infrared light having a wavelength between B2 and 980 nm. In case where the
light source 2 is the near infrared light source, light attenuation in the
finger 9 is small so that a clear image is obtained even with low electric
power. This allows a greater distance between the light source 2 and the
measured portion so that the nanuniformlty in light quantity can be
reduced. (6) In the fret embodiment (f=ig. 1 t1), the light source 2
comprises an LED 2a as a light emitting element chip for emitting the light
arid 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 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 range
smaller than the refractive index of the finger, decrease in transmittance
is not remarkeble. As a desired range which can be realized, the refractive
index (13) of the LED package material is not greater than 1.5. In this
event, the optical lass i$ suppressed to 2aJo or less (light transmittance
being 0.8t or mare), as    shown in t=ig. 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), than transmittance upon advancing from the package to the
air is small. Therefore, as illustrated in Fig. 9 9) when the refractive
index (P) of the LED package material is equal to 1.5, the optical loss is
60% or more. Referring to Figs. 20A and 20B) description will be made at a
fingerprint input apparatus according to an eighth embodiment of this
invention utilising 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. 1 Q etc.). At a 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 pleas, the linger 1 can be placed at a proper position.
Since the nar-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
aver a wider area, In addition, a plurality of near-infrared Iight sources
10-2 for irradiating light from the lateral sides of the finger 1 are
arranged at four positions in total on left end 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    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 9 and an auxiliary light source for
measurement. In the above-mentioned manner, the guiding tight sources 9-"I
and 9-2 for producing the light for guiding the finger 1 to the proper
position are disposed around the fiber optic plate 3. In the embodiment
illustrated in Figs. 20A and 20B the peripheral . 1 end face of the fiber
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 4 is not sufficient. However, because the metal hors an
excellent conductivity and the fiber optic plate 3 has en 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 fingerprlnt input apparatus the fiber
optic plate, the two-dimensional sensor, and the finger guide are received
in a then space of about 2mm on a single plane 2nd in an area adjacent to
the measured surface of the finger. Thus, the fingerprint input apparatus
has a Compact structure aid is yet resistant against the electrostatic
charges and the external disturbance fight. 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 optical 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   24 sacrificed. By the use
of the near-infrared LED of a high efficiency, electric power far lighting
the LED is saved so that the fingerprint input apparatus is suitable far a
miniaturized mobile telephone apparatus. fn addition, the finger guide in
Figs. 20A and 20B is made of a transparent or a semitransparent resin and
has a refractive index of about 1.4 to 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 mare. As compared
with the case where the light passes through the air, the light is more
effectively used by 30% or mars (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 shows 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. 'I O (or the near-infrared light
source 1 D-1 in Figs. 2OA and 20B) is used, the fingerprint image shown in
Fig 11 is obtained.. Without the above mentioned tight 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 an each of the left end 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. 1n this case, the fingerprint image is
particularly dark in a lower center 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 an the right side of the fingerprint image
while the transversal brightness distribution is shown    below the
fingerprint Image. The longitudinal brightness distribution at the center
has a contrast which is small as a whole and is further reduced towards the
base of the linger. 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 net food, the measurement is unstable. In this event,
malfunction w111 be caused or In the worst case, the measurement is
impossible. In order to compensate the insufficient 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 101 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 nonuniformity of contrast is
reduced as a whale so that the fingerprint image shown in Fig. 91 is
obtained. In particular, the contrast in the transversal direction is
strong and uniform as 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 light
from the  light source 9 0-1. This compensates the insufficieney 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
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
instantaneously discharged completely so as to prevent the destruction of
the sensor or the malfunction due to the electrostatic charges upon
measurement of the fingerprint, The surface of the sensor is protected 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 above, 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 Iight from
the light source enters into the substantial center of the part of the
finger including the first Joint on the palm side and that the light source
is contacted with the finger. With this structure, the fingerprint input
apparatus of an optical transmissive type can de reduced in size.   ~7 WHAT
IS CLAIMED IS: 1. A fingerprint input apparatus Comprising a light source
(2) far emitting light and a 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 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; i 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 part includes a first joint on a palm side of said finger
and that said light source is adapted to be brought into contact with said
finger, 2. A fingerprint input apparatus as claimed in claim 1, wherein: 



said part Including said first faint 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 1Omm and a different line farther from said fingertip than Bald
first joint by l0mm an the palm side of said finger, 3. A fingerprint input
apparatus as claimed in claim 1 , wherein:  said plate is a fiber optic
plate (3) 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 piste 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.   2$ 5. A fingerprint input apparatus as claimed fn claim 3) wherein;
said fiber optic plate has a peripheral end face surrounded by an
efectroconductive substance (13) which is grounded. 8. A fingerprint input
apparatus as claimed in claim 5, wherein: the electroconductive substance
is shaped to climb up ante an end portion (15) of the finger contact
surface of said fiber optic plate. 7. A fingerprint input apparatus as
claimed in claim 5, wherein: said electroconductive substance is a
light-shielding substance. 8. A fingerprint input apparatus as claimed in
claim 1, wherein: :` i the finger contact surface of said fiber optic plate
has a protruding portion (5) 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 (6) located in said
protruding portion, 



said protruding portion transmitting light from said additional light
source, 't 0. A fingerprint input apparatus as claimed In Claim 8, 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 light shielding portion (7)
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, A fingerprint input apparatus as claimed in claim 1, wherein: said
light source is adapted to emit near infrared light having a wavelength
between 824 and 980 nm.    12. A fingerprint input apparatus as claimed In
claim 1, wherein; said light source comprises a light emitting element ship
(2a) for emitting the light and a package (2b) made of a light transmitting
plastic material and enveloping said light emitting element chip; 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. A
fingerprint input apparatus as claimed in claim 1) wherein: said plate is
provided with a guiding light source (9.1 , 8-2) located at its periphery
for emitting light to guide the finger to a proper position i .A@U`.A{
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