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Description

[0001] The invention relates to a device of compact
construction for producing an image of the topographi-
cal surface structure of an objectanda method of mak- 5

ing thedevice.
[0002] Embodiments of the invention relate to an
apparatus for producing and detecting an image of a
topographic surface such as a fingerprint for optical
viewing, or storage in a recording medium suchas pho- 10

tographic film a hologram, or computer storage means.
Thetopographic image maybe independently analyzed
or compared withpreviously recorded topographic data.
Such apparatus are used, for example, for personal
identification in the criminology and access control 15

fields.
[0003] Examination of the fingerprints or otherbio
metric features of an individual is a well known tech
nique to establish a person's identity. In the past,
fingerprints were recorded by applying ink to the finger 20

andthenrolling thefingerona pieceof paper. Agencies
then maintained theseoriginals, or photocopies or pho
tographs of the originals. Later comparison of these
archives witha liveor latentfingerprint could prove to be
quitetedious andtimeconsuming. Morerecently, meth- 25

ods have arisen to create fingerprint images which can
be captured directly electronically for storage and/or
analysis by a computer, or photographically for storage
on film.
[0004] Manymethods have beenproposed for opti- 30

cal detection of fingerprints and other topographic bio
metricfeatures suchas footprints and palmprints. Most
of thesemethods utilize optical systems, typically incor
porate a prismor beamspliUing apparatus, and operate
on the principle of frustrated total internal reflection. 35

Such systems are necessarily bulky, cannot detectcer-
tainskindetail information, suchasvalley orporedetail,
or require expensive optical components. In addition
someprior art systems suffer fromdistortion, poor sig-
nal to noise ratio, aberrations, lack of contrast, and/or 40

lackof resolution of fingerdetail information. There are
manypatents which describe variations of optical sys
tems wherein illuminating light is directed into a prism.
The basic common concept as applied, for example to
inkless fingerprint detection, involves illuminating one 45

side of a prism with light and pressing a finger onto
another surface of the prism, usually the hypotenuse. A
fingerprint image, formed by frustrated total internal
reflection, is created where the finger meets the prism.
Lightpassing out of the prismcontaining the fingerprint 50

image is then captured by an imagedetection system.
For example, in U.S. Pat. No. 3,174,414, J. Myer
describes apparatus for recording fingerprints using
photochemical or xerographic means separately or in
combination with photographs. This U.S. Patent shows 55

various means of creating a fingerprint image by the
principle of total internal reflection, using a prism, and
otheroptical system partsto relaythefingerprint image.
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Many other such examples of prism-based systems
exist in the priorart, andcanbe found suchas U.S. Pat.
No. 3,482,498 to L. Becker and U.S. Pat. NO.3.947,128
to Z. Weinberger, et. al.

[0005] Other prior art systems illuminate and/or
view the finger directly, without using the principle of
total internal reflection. Onesuchsystem isdescribed in
U.S. Pat. No. 3,138,059 to W. White. U.S. Pat. No.5,
177,802 to Y. Fujimoto, et. al.describes a system which
usesa light guideplate having a through hole, so that
the finger is in air, and light traveling through the light
guideexits the lightguidenearthe holeto illuminate the
finger. Thefinger imageis captured by a detection sys
tem directlyopposite the finger. In another system, the
finger rests on the light guide surface and operates by
frustrated total internal reflection of the illuminating light
traveling through the light guide. A third system is
described which doesnotusea lightguide, butuseslin
ear lightsources suchas fluorescent tubesplaced near
the 'belly' of the finger to be imaged, and a detection
system to image thefingerdirectly. In embodiments, the
finger is illuminated directlyvia light emerging from the
lightguide, the lightstrikes the fingerat an angle, limit
ing uniformity of illumination andcontrast. The embodi
ment utilizing fluorescent tube illumination additionally
suffers frombulkiness anddirectlamplightreaching the
detector, reducing the signal to noise ratio of images
produced using this system.
[0006] Other types of systems involving compari
son and scanned illumination have been described.
U.S. Patent No. 3,511,571 describes a method wherein
the surface of the finger is flooded with light. The light
reflected from the finger may be passed through a
transparency of a previously recorded fingerprint for
directcomparison. U.S. Patent No. 3,200,701 describes
a system wherein light is scanned onto the finger and
the reflected lightproduces an outputwhich can yielda
fingerprint image. U.S. patents 3,864,042 and
4,003,656 also describe systems for illuminating a fin
gerwitha scanning lightbeam.
[0007] Various methods have beenproposed utiliz
ing holograms as part of the fingerprint illumination and
detection system. U.S. Patent No.5,109,427 describes
a fingerprint recognition device which uses collimated
laserlightwhich illuminates thefingerthrough a tetrago
nalprism. A hologram is used to shift the axisof thefin
gerprint image to a second optical axis. An objective
lensthenprojects the fingerprint imageto a CCD cam
era.
[0008] In the paper entitled "Real-time fingerprint
sensor using a hologram", Applied Optics, Vol. 31, No.
11, p.1794ff, and in U.S. Pat. No.4,728,186 entitled
'Uneven Surface Date Detection Apparatus', S. Eguchi,
S. 19aki, et.al.describe a system wherein laserlightillu
minates a finger directly through, or via waveguiding
through a substrate. The scattered light reflected from
thefingertravels through the substrate, which actsas a
lightpipe. A plaingrating type hologram attached to the



3 EP 074961081 4

substrate allows rays with the proper angle to exit the
substrate, wherein a lens then images the exiting light
containing the fingerprint information to a CCD camera
or other detector. Other embodiments include a holo
gramto directthe lightto thefinger, butthefinger image 5

still travels by total internal reflection to be output to a
detection system located along a different optical axis
fromthe finger. Inthe Eguchi system, a hologram is pri
marily used to extract the fingerprint information after
the information has traveled through a waveguide. The 10

input lightpath to the fingerand the outputlightpath to
the detection system are necessarily along different
optical axes. Expectedly, this prior art system suffers
from loss of information due to imperfections in the
waveguide, or damage to the information in the formof 15

additional noise, distortions or aberrations due to its
travel through the waveguide and/or the hologram
extracting means. In addition, the geometry of this prior
art system limitsits abilityto be extremely compact.

[0009] Otherprior art systems use a hologram, but 20

for different purposes. For example, in U.S. Pat. No.
4,053,228, a fingerprint is compared against a finger
printwhich is stored on a hologram.
[0010] U.S. PatNo. 3,430,300 to H. Ruell describes
a means for forming a latenttopographic reliefof a fin- 25

ger pattern. It usesa deformable polymer which illumi
nated through its edge and upon which a finger is
pressed. The deformation caused by the finger causes
frustrated total internal reflection which redirects the illu
minating light at the points of frustration to the output 30

faceof the substrate. Thissystem does not usea holo
gram, requires a deformable surface, and, operates on
the principle of total internal reflection.
[0011] Thus, there is a greatneed in the art for an
improved method and apparatus for producing high- 35

contrast images of the surface topography of objects,
such as finger and foot surfaces, while avoiding the
shortcomings and drawbacks of prior art systems and
methodologies.
[0012] It is desirable to provide a compact device 40

which yields highcontrast andhighresolution images of
the topography of an object, which images contain little
or no aberrations or distortions.
[0013] It is also desirable to provide a means for
detecting and/or recording present images of topo- 45

graphical surface structure of objects.
[0014] It is desirable for the objectto be illuminated
by incoherent or coherent light.
[0015] It is also desirable to create object images
with sufficient detail to not only differentiate between 50

objectridges andvalleys, butto provide image detailsof
objectartifacts, suchas in fingerprints.
[0016] It is desirable to enable high contrast imag-
ing of fingerporesand/or valley artifacts.
[0017] It is also desirable to provide such a device 55

for biometric identification applications, wherein further
detail not achievable with prior art methods is achieva-
ble so that a smaller target area can be used for per-

3

sonal identification by matching not only ridgelvalley
differences or minutiae, butotherunique detailssuchas
pore location andsizeas well.

SUMMARY OF THE INVENTION

[0018] According to the invention there is provided
a device of compact construction for producing an
image of the topographical surface structure of an
object, comprising: a light transmitting substrate having
an index of refraction N1, capable of transmitting light;
an object illuminating region for illuminating an object in
proximity therewith; an optical element having an index
of refraction N2 and embodying a light-diffractive grat
ing, said optical element being affixed to a portion of
said lighttransmitting substrate, anddisposed aboutan
optical axis passing through said object illuminating
region; and light producing means for producing light
rays for propagation within said light transmitting sub
strate, and towards said optical element so that light
rays arediffracted bysaidlightdiffractive grating intothe
first diffraction order thereofand propagate along said
optical axis towards said object, whereupon said light
rays fall incident upon the object disposed proximate to
said object illuminating region, are modulated by the
topographical surface structure of the object andpropa
gateback through said light transmitting substrate and
saidoptical element along saidoptical axisandfall inci
dent upon an imagedetection means positionable sub
stantially about said optical axis, so as to detect an
image of the topographical surface structure of the
object.
[0019] According to the invention there is also pro
vided a method carrying out all the necessary stepsto
make sucha device.
[0020] An embodiment of the present invention
includes a light source, a light transmitting substrate,
and a slanted-fringe type light diffractive grating. The
light diffractive grating may be embodied within holo
graphic or non-holographic structures having a volumet
ric extent. The device further includes a planar object
illuminating region for illuminating and/or supporting an
object, such as a finger, palm, or foot surface, having
topographical surface structure. The light produced
from the light source enters the light transmitting sub
strate, travels therethrough, strikes the slanted lightdif
fractive grating at an oblique angle, and is diffracted
thereby with substantial efficiency into the first diffrac
tion order of the light diffractive grating. The diffracted
light rays travel in the direction of the objectilluminating
region of the light transmitting substrate. Lightreflected
from the substrate/air interface and passes back
through the light transmitting substrate, through the
slanted light diffractive grating, and can be seen as a
glare by a light receiving means, such as an eye, an
electronic image detector, or a film recording camera.
[0021] When an object, suchas a finger, is brought
in proximity with the object illuminating region of the



5 EP 074961081 6

device, which mayor maynotbe in contact withthe light
transmitting substrate in embodiments, the illuminating
light rays are absorbed or otherwise scattered from the
finger ridges pressed up against object illuminating
region. This interrupts the aforementioned light glare 5

and produces a light field containing a high contrast
image of the fingerprint. The image is then transferred
along the redirectd optical axis of the device, through
the light transmitting substrate and lightdiffractive grat-
ing,andontothe image detection or recording medium. 10

The image detecting medium maybe realized as a sys-
temcomprising an objective lensanda CCO; an eye; or
a film-type camera. Because thefinger, theslanted grat-
ing and the image detection element (i.e. eye or cam-
era) are disposed along substantially the same optical 15

axis, aberrations anddistortion of the fingerprint image
are minimized or eliminated. Notably, portions of thefin-
ger contacting the object illuminating region of the
device appear as dark regions in the produced finger
print image, whereas non-contacting regions appear as 20

light regions in the fingerprint image.

[0022] The geometrical dimensions of the imaging
device can be made extremely compact so as to fit
within a thin package, such as those typically used for
computer PCMCIA 25

[0023] Inthe drawings:

FIG. 1 is a perspective viewof topographical image
capture, analysis and storage system embodying
the present invention, showing the various inte- 30

grated system components thereof, namely its top
ographical image detection subsystem, computer
based image analyzing subsystem, input/output
interface circuitry, andarchive image database sub-
system; 35

FIG. 2 is schematic diagram of topographical image
detector of the first illustrative embodiment of the
present invention, in which a slanted fringelightdif
fractive grating is coupled to a compact light trans
mitting substrate in accordance with the present 40

invention;
FIG. 3 is schematic diagram of topographical image
detector of the second illustrative embodiment of
the present invention, in which a first slanted fringe
lightdiffractive grating is realized in a volume hole- 45

gram affixed to a light transmitting substrate at a
position along theoptical axisof the image detector
andobjectilluminating region of the substrate;
FIG. 4 is schematic diagram of topographical image
detector of the third illustrative embodiment of the 50

present invention, in which illuminating light enters
the light transmitting substrate through an input
coupling hologram disposed attached to the faceof
the substrate and totally internally reflects within
the substrate before illuminating the output cou- 55

piinghologram, alsoaffixed to thesubstrate butat a
position along theoptical axisof the image detector
andobjectilluminating region of the substrate;

4

FIG. 5 is a perspective view of the topographical
image detector of the fourth illustrative embodiment
of thepresent invention, inwhich substantially mon
ochromatic lightand a reflection-type volume holo
gram embodying a slanted fringe light diffractive
grating areusedto illuminate the objectilluminating
region of the light transmitting substrate, while a
CCO image detector affixed to the lighttransmitting
substrate is used to detect the image of the topo
graphical pattern of the illuminated object posi
tioned along the optical axis of the CCO image
detector;

FIG. 5A is a cross-sectional viewof the topographi
cal image detector of Fig. 5;
FIG. 6 is a perspective view of the topographical
image detector of thefifth illustrative embodiment of
the present invention, in which substantially mono
chromatic light and a transmission-type volume
hologram embodying a slanted lightdiffractive grat
ing are used to illuminate the object illuminating
region of the light transmitting substrate, while a
CCO image detector affixed to the lighttransmitting
substrate is used to detect the image of the topo
graphical pattern of the illuminated object posi
tioned along the optical axis of the CCO image
detector;
FIG. 6A is a cross-sectional viewof the topographi
cal image detector of Fig. 6;
FIG. 7 shows an optical arrangement for recording
slanted-fringe light diffractive gratings within trans
mission-type volume holograms used in the con
struction of topographical image detectors
embodying the present invention;
FIG. 8 shows an optical arrangement for recording
slanted-fringe lightdiffractive gratings within reflec
tion-type volume holograms used in the construc
tion of topographical image detectors embodying
the present invention;
FIG. 9 shows an alternative optical arrangement for
recording slanted-fringe light diffractive gratings
within detection-type volume holograms used in the
construction of topographical image detectors
embodying the present invention;
FIG. 10 shows an exemplary "light transmission
versus index difference" graph which can be used
to match the indexof refraction of the substrate to
the recording medium during the manufacture of
volume holograms usedin the topographical image
detectors embodying the present invention;
Fig. 11 is schematic diagram of the topographical
image detector of the sixth illustrative embodiment
of the present invention, in which the lighttransmit
tingsubstrate is arranged to support an objectsuch
as a finger, and to which is affixed a volume holo
gram embodying a slanted-fringe light diffractive
grating designed to converge illuminating light rays
reflected fromthe objecttowards a viewing system,
suchas the human eye;
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5

in Fig. 2. Preferably, thefingerprint image is captured by
an electronic detector 205, which maybe realized as a
CCD image detection arraylocated within housing 203.
The signal fromthe detector 205 is electronically fed to
computer-based image analyzer 206 within housing
208, by wayof input/output (I/O) interface circuitry 209.
Notably, housing 208 may be different than housing
203. The pixelized data set corresponding to the
detected fingerprint is thenstored in computer database
207, for subsequent analysis or comparison. Alterna
tively, detected fingerprint images maybe compared in
real-time to previously recorded fingerprint images in
database 207 for any diverse number of identification
purposes (e.g. criminology, access control etc.). It is

15 understood that the housing 203 and 208 are merely
representative and will vary from embodiment to
embodiment of the present invention.

[0027] Fig. 2 illustrates the structure andfunction of
the first illustrative embodiment of the topographical

20 image detection system of the present invention. As
shown, this embodiment of the imagedetection system
comprises a number subcomponents contained in com
pacthousing 208, namely: a lightsource 1 (e.g. a small
tungsten orxenon lamp) withbeam reshaping optics, for
emitting a light beam; a light transmitting substrate 2,
made of an optically transparent material such as
acrylic, and having an object illuminating region (i.e.
surface); a reflection-type volume hologram 3 embody
ing a slanted-fringe type lightdiffractive grating, affixed
to the light transmitting substrate; and an image detec
tion system 8 in proximity with lightdiffractive grating 3,
as shown. In the illustrative embodiment, lamp 1 is
placed approximately 1-2"from the substrate edge, as
shown, to provide an image detector with a highlycom-

35 pact construction image detection system 8. In alterna
tive embodiments, lamp 1 or equivalent light source
maybe located remotely fromthe substrate 2, andcou
pledthereto using fiberopticelements known in the art.
In typical applications, light source 1, volume hologram

40 3, light transmitting substrate 2, and image detection
system 8 will be contained in compact housing 203
which includes opening 202 for guiding the physical
placement of a fingerontothe finger illuminating region
of the lighttransmitting substrate 2.

45 [0028] As shown in Fig2. lightsource 1 is arranged
so that light emitted therefrom travels at an oblique
anglewithin substrate 2. Thisis achieved by illuminating
the edge 9a of substrate 2 at a slightangleoff the nor
malto the edge. Inthefirst illustrative embodiment, sub-

50 strate 2 is bounded by face surfaces 5a and 5b and
edge surfaces, 9a, b, c and d. Typically, the face sur
faces have a larger surface area than the edge sur
faces. During operation of the system, the polished
edge of theacrylic substrate 2 is lit by tungsten orxenon

55 lamp1 so as to cause a substantial amount of the input
light to fall incident uponthe slanted-fringe lightdiffrac
tive grating within the volume hologram 3. This incident
lightdiffracts into the first diffraction orderof the reflec-

FIG. 11A is an optical arrangement for recording
the c1anted-fringelight diffractive grating in the vol
umehologram usedin the sixthembodiment of the
topographical image detector embodying the
present invention shown in Fig. 11;

FIG. 12is a schematic diagram of thetopographical
image detector of the seventh illustrative embodi
mentof the present invention, in which a lighttrans
mitting superstrate is arranged to support an object
suchas a finger, a reflection-type volume hologram 10

embodying a slanted-fringe light diffractive grating
is affixed to underside of the light transmitting
superstrate, and a light transmitting substrate used
during the recording of the volume hologram is
affixed to the underside thereof;
FIG. 12A is an optical arrangement for recording
the slanted-fringe lightdiffractive grating in the vol
ume hologram used in the seventh embodiment of
the topographical image detector of the present
invention shown in Fig. 12;
Fig. 13 is a schematic diagram of the topographical
image detector of the eighth illustrative embodi
mentof the present invention, in which a reflection
type volume hologram embodying a slanted-fringe
light diffractive grating is disposed between an 25

objectsupporting layer anda lighttransmitting sub
strate, and is illuminated fromthe phase-conjugate
direction by virtue of total internal reflection
between the reflection-type volume hologram and
an indexdiscontinuity layer disposed between the 30

objectsupporting layer and the reflection-type vol
umehologram; and
FIG. 14 is a graphical image of a fingerprint pattern
detected by the topographical image detection sys
tem shown in Figs. 5 and5A.

[0024] Referring to the figure drawings of FIGS. 1
through 14, the topographical surface imaging and
detection system embodying the present invention will
nowbe described in greatdetail.
[0025] For purposes of illustration, the illustrative
embodiments of the present invention will consider
imaging the topographical surface of objects such as
fingers and palms, known as fingerprints and palm
prints. However, it is understood that topographical sur
faces of othertypesof objects maybe imaged with high
contrast and resolution using the apparatus of the
present invention.
[0026] Asshown in Fig. 1,thetopographical surface
imaging and detection system embodying the present
invention comprises a number of subcomponents,
namely: topographical image detector 203, computer
based image analyzer 206, and archive image data
base 207. A person uses the system by placing his or
her finger 201 through opening 202 formed in imaging
system housing 203. Opening 202 provides access to
planarobject (i.e. finger) illuminating region 204,which
is realized as a portion of planar substrate 2, as shown

5
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tion-type volume hologram 3 along optical axis 99
towards the object illuminating region of the substrate.
This redirected light illuminates a finger placed on the
light transmitting substrate 2, reflects back along the
optical axis 99 after having beenspatially and intensity 5

modulated bythe topographical surface pattern (i.e. val-
leys and ridges) in the illuminated fingerprint. The
reflected light then passes through image forming lens
7AandontoCCD image detector 7B, to produce a high
contrast fingerprint image of the illuminated finger. The 10

operation of the image detection device will be
described in greater detailwithrespect to theotherillus
trative embodiments of the present invention. If desired
or required, alternative means maybe used

[0029] to cause light emitted from light source 1 to 15

enterlighttransmitting substrate 2 andtravel therewithin
at an oblique angle directly towards the slanted-fringe
lightdiffractive grating, as shown in Fig.2. Forexample,
the edge9a of the lighttransmitting substrate 2 maybe
beveled in orderto change the angleof entryof the light 20

beamfromlightsource 1.Alternatively, the lightmaybe
forced to enterthe lighttransmitting substrate by wayof
facesurface Saor Sb, asshown in Fig. 3 and4 using, for
example, a prism, a light diffraction grating, or a holo-
gramseparate andapart fromvolume hologram 3. 25

[0030] As shown, volume hologram 3 can be lami
nated to facesurface Sbof substrate 2 eitherdirectly, or
indirectly bywayan additional intermediate layer or fluid
or adhesive means that matches the indices of refrac-
tion between the light transmitting substrate 2 and the 30

volume hologram 3. Inthe illustrative embodiment, holo
gram 3 comprises a recording medium embodying a
previously recorded volume slanted-fringe grating struc
ture. Suitable recording media include, but are not lim-
ited to, DuPont® holographic recording photopolymer, 35

silver halide recording materials, dichromated gelatin,
Polaroid® DMP-128 photopolymer, etc. While holo
graphic techniques have been used to realize the
slanted light diffractive gratings used in the devices of
the present invention, it is understood that other non- 40

holographic techniques and materials maybe used for
producing a slanted-fringe lightdiffractive grating struc-
ture of acceptable definition for use in embodiments of
the present invention. Optionally, the recording medium
of volume hologram 3 maybe protected by a cover 3a 45

composed of a transparent material. This material may
be flexible, suchas, for example, Mylar, or a morerigid
material such as a plastic such as acrylic or polycar
bonate, or glass.
[0031] In general, imagedetection system 8 com- 50

prises an image transfer means 7A, and an image
detection means 7b. The image transfer means 7A may
be realized as any device capable of transferring the
image produced by the finger on surface Sa, onto the
surface of the image detector 7b. Suitable devices for 55

realizing the imagetransfer means 7A include the lens
of an observer s eye, a lens or lens system, a lenslet
array, a fiber optic array, a microchannel plate, or any

6

combination thereof. Suitable devices for realizing the
image detection means 7B include the retinal surface of
anviewer s eye, a CCD imagedetection array, a CMOS
image detection array, a photographic film structure, or
any other suitable image capture means. As shown in
Fig.2, the object illuminating region, the volume holo
gram 3, the image transfer means 7A and the image
detection means 7Baredisposed aboutoptical axis99.

[0032] Referring to Fig. 2, the physical operation of
the image detection device of the first illustrative
embodiment shallbe described in greater detailbelow.
[0033] Ingeneral, lightproduced fromlightsource 1
may be diverging, converging, collimated or otherwise
anamorphically reshaped, depending on the enabling
technology used and the product application. The pro
duced light rays travel at an oblique angle directly
through the light transmitting substrate 2, as shown in
Fig. 2, to strikethe slanted-fringe lightdiffractive grating
embodied within volume hologram 3. The slanted light
diffractive grating diffracts a substantial portion of the
lightimpinging on it intothefirstdiffracted order, accord
ingto the well known Bragg condition

A =2d sins

where A is the illumination wavelength of the light
source 1, d is the grating fringe spacing of the volume
hologram, and S is the half angle between the object
beam and the reference (or reconstruction) beam. A
detailed explanation of the Bragg condition and the
recording and playback of holograms and the associ
ated well known terminology used in holography such
as object, reference and reconstruction beams can be
found in anyof numerous bookson holography, suchas
Practical Holography, second ed., byG. Saxby, Prentice
Hall, 1994.
[0034] The light diffracted into the first diffraction
order from volume hologram 3 is redirected to travel in
thedirection of optical axis99,andthrough object illumi
nating region 6. Theangleat which thesefirst orderdif
fracted light rays travel is referenced with respect to the
faceSaof light transmitting substrate 2 and is lessthan
the critical angle of the substrate 2, the optical axis of
which typically approaches or is approximately normal
thereto, as shown in Fig. 2. Depending on the require
ments of the specific application, the light diffracted
fromthe volume hologram maybe collimated, converg
ing,or diverging, as longas the extreme lightrays travel
at an anglelessthanthecritical anglefor the lighttrans
mitting substrate 2.
[0035] When a finger 4 is placed through opening
202 in housing 203 and pressed ontothe planarobject
illuminating region 204 of face Saof substrate 2 within
theboundaries of region 6 containing thediffracted light
field, the ridges andotherdetailsof finger4 interrupt the
glarefieldandabsorb orscatter incident light, producing
a highcontrast fingerprint image. If the ridges of thefin
ger are slightly sweaty or greasy, better "index match-
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ing" to the substrate 2 will occur, producing a higher
contrast fingerprint image. For dry or low contrast fin
gers, a small amount of grease from a nose, forehead,
or a substance like petroleum jelly maybe usedon the
fingerto improve contact contrast. Thefingerprint image 5

produced from finger 4 is reflected back through the
light transmitting substrate 2 and volume hologram 3
and is collected by image detection system 8 which is
substantially aligned along optical axis 99. Notably,
however, if a morecompact or convenient geometry is 10

desired in any particular application, optical axis 99 of
the image detection system hereof may be bent by
arranging optical elements (e.g. mirrors) between the
lighttransmitting substrate 2 and image detector 7b.

[0036] Although modified somewhat by the slant 15

angleof its fringes, the volume hologram 3 of the illus
trative embodiments has filtering properties similar to
standard reflection-type volume holograms having
fringes aligned parallel to the recording medium. Con
sequently, the spectral wavelength of light rays dif- 20

tracted from volume hologram 3 are within a narrow
wavelength bandwidth along a portion of the electro
magnetic spectrum. Samples of the slanted-fringe holo
gram shown in Fig. 2 were made using the 514.5nm
spectral line of an Argon laser, and due to processing 25

and material properties, the emitted light was shifted
and measured to have a center wavelength of 528
nanometers(nm) and a full-width half maximum wave
length bandwidth of 11 nanometers. Thus, sincethevol
ume hologram used in the system of the illustrative 30

embodiments of the present invention is a self-filtering
device, illuminating light source 1 can be realized as a
white light source, such as a tungsten halogen lamp.
Alternatively, the lightsource canbe realized by a more
monochromatic source, such as an LED, or a laser 35

matched to the emission wavelength of the hologram or
tuned to a slightly different angle than the one usedto
construct the hologram ( andthusmatch the Bragg con
dition for the particular fringe slant of the hologram).
Also, since the substrate edge of the light transmitting 40

substrate is typically long and thin, thus requires an
anamorphic beam shape for optimal light entry effi
ciency, the illuminating beam may be reshaped with
lenses, suchas a combination of spherical and/or cylin
dricallenses, to make moreefficient useof theavailable 45

light.
[0037] Preferably, light transmitting substrate 2 has
an indexof refraction which closely matches the index
of refraction of volume hologram 3. The indexof refrac-
tionof substrate 2 should be typically be equal to or less 50

thanthe indexof refraction of volume hologram 3. When
recording the slanted-fringe light diffractive grating
within the volume hologram, the indexmatching criteria
is particularly important to achieve high diffraction effi
ciency, and fringe contrast. These properties can be 55

achieved by satisfying the following condition: the thin-
ner the substrate, or the steeper the angle of travel of
the lightbeam within the substrate, the closer the index
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of refraction of the substrate and the holographic
recording material mustmatch.

[0038] Referring now to Figs. 3 and 4, the second
and third illustrative embodiments of the present inven
tionwillbedescribed. These devices of theseillustrative
embodiments are similar to the device of the first illus
trative embodiment, expect for the geometry of the light
transmitting substrate and the manner in which illumi
nating light is coupled thereinto. While Figs. 3 and 4
showtwopossible alternative substrate geometries, it is
understood that thoseskilled in the art of optical design
will readily derive other ways of injecting light into the
substrate so that it travels though the light transmitting
substrate and strikes the affixed slanted lightdiffractive
grating at an oblique angle, as shown in Fig. 2.
[0039] As shown in Fig. 3, the image detection
device of the second illustrative embodiment utilizes a
face-lit light input coupling technique. Typically, this
technique requires that the light transmitting substrate
21 be slightly longer along its longitudinal extent. As
shown, light emitted from light source 20 and condi
tioned by optional light conditioning optics first passes
through substrate 21 and impinges on reflection-type
hologram 22 embodying a slanted lightdiffractive grat
ing.Thisvolume hologram 22 is laminated or otherwise
attached to substrate 21 and has an indexof refraction
that closely matches that of substrate 21 as noted
above. If desired, hologram 22 maycontain a mirrored
backing to enhance the amount of light which travels
into substrate 21, or an absorptive backing to minimize
straylight, or no backing at all.
[0040] As shown in Fig. 3, light is diffracted by vol
ume hologram 22 (i.e. input light coupling element) at
an angle greater thanthe critical anglefor the substrate
21 and travels within substrate 21 to directlystrike the
slanted lightdiffractive grating prerecorded in reflection
typevolume hologram 23, as described in the first illus
trative embodiment. First order diffracted light 25 pro
duced by hologram 23passes through lighttransmitting
substrate 21 along optical axis99 to produce aforemen
tioned glare field which is interrupted by the ridges of
finger24 placed on the objectilluminating region of the
light transmitting substrate. The fingerprint image pro
duced from finger 24 passes through substrate 21,
through hologram 23 andto image detection system 28,
which comprises an objective lens26 andan electronic
image detector 27. Inthe illustrative embodiment of Fig.
3, lightusedto illuminate volume hologram 23,doesnot
undergo total internal reflection within the substrate 21
before illuminating volume hologram 23.
[0041] In Fig. 4, a third illustrative embodiment of
the present invention is shown. Unlike the second
embodiment, the third illustrative embodiment utilizes
the principles of total internal reflection to deliver the
light beam to the object to be illuminated. Such light
guiding technique are disclosed in U.S. Patent No.
5,295,208 to Caulfield, et ai, incorporated herein by ref
erence. As shown in Fig. 4, light produced from light
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source 10 and conditioned by light conditioning optics
impinges upon the slanted light diffracted grating
embodied in transmission-type hologram 11 which is
laminated or otherwise attached to light transmitting
substrate 12. This incident light is diffracted into sub- 5

strate 12 at an anglegreater than the critical angle for
substrate 12. Consequently, the light bounces off the
opposing surface by total internal reflection within sub
strate 12 and travels within substrate 12 to strike a
slanted fringe light diffractive grating embodied within 10

reflection-type hologram 13.The light falling at the cor-
rectangles onvolume hologram 13 is diffracted thereby
and travels through substrate 12 to form beam 15
whose reflection produces an glarefield.Theglarefield
is interrupted by finger 14 placed on the illuminating 15

region of the light transmitting substrate 12.Thefinger
print image produced from finger 14 passes through
substrate 12 and through volume hologram 13 and is
collected byan image detection system 18comprising a
lens 16 or other means (e.g. microchannel plate or 20

micro-lens array) transfers the fingerprint image to the
image detection planeof an imagedetector 17.

[0042] In Figs. 5 and SA, the fourth illustrative
embodiment of the invention is shown in the formof an
extremely thin,compact device adapted for usewiththe 25

system shown in Fig. 1.Thisembodiment of thepresent
invention is particularly suited for use in access control
devices incorporated within portable computers, associ
ated PCMCIA cards, cellular telephones, or other
devices where minimal space for fingerprint verification 30

device is available.
[0043] As shown in Figs. 5 and SA, the fourth illus
trative embodiment of thepresent invention comprises a
number of subcomponents compactly integrated within
the interior of anultracompact housing aboutthesizeof 35

a PCMCIA package. As shown such components
include: light transmitting substrate 2 having a finger
illuminating region; a reflection-type volume hologram 3
affixed to the underside of substrate 2, and having a
slanted-fringe lightdiffractive grating embodied therein; 40

and a first narrow band-pass filter panel 210 directly
affixed to the underside of the volume hologram 3 and
tuned to the output wavelength of volume hologram 3; a
CCD image detection panel 7B directly affixed to the
underside of the narrow band-pass filter by way of an 45

adhesive or index matching layer. As shown, each of
theseoptical components is aligned withoptical axis99.
Thedevice alsoincludes a substantially monochromatic
lightsource 1andoptional beamshaping optics, forpro
ducing a substantially monochromatic lightbeamtuned 50

in wavelength or inputangleto match the Bragg angle
condition forgrating or hologram 3. Alternatively, a white
light source maybe used instead of a laser. In such a
case, the white lightbeam is passed through a second
narrow band-pass filter 211 selected as above in order 55

to match the Bragg condition for the slanted fringe light
diffractive grating embodied within thevolume hologram
3. Notably, narrow band-pass filter 210 eliminates stray
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lightor unwanted fluorescence fromthe fingerby virtue
of its narrow pass band. Electronic I/O circuitry 212 is
provided for powering the light source 1 and image
detector 7b and passing information to and from image
detector 7b. Such circuitry may be interfaced to an
appropriate connector, or connectors, located, for
example, on edge 209 of housing 203. Preferably, the
entire structure is housed in compact housing 203. Dur
ing operation of this illustrative embodiment, the finger
is placed through opening 202 in housing 203ontopla
narfinger illuminating region 204. The light transmitting
substrate 2 andvolume hologram affixed 3 thereto may
comprise the protective cover plate required for CCD
image detector 7b.

[0044] As shown in Figs. 6 and6A, the fifth illustra
tiveembodiment of the invention comprises a number of
subcomponents also compactly integrated within the
interior of an ultracompact housing aboutthe size of a
PCMCIA package. Asshown suchcomponents include:
a transmission-type volume hologram 3 having a
slanted fringe lightdiffractive grating embodied therein;
an optically transparent protective layer 215 affixed to
the top surface of volume hologram 3 and serving to
provide a finger supporting surface; a light transmitting
substrate 2 affixed to the underside of the transmission
type volume hologram 3; a first narrow band-pass filter
panel 210 approximate to, or directly affixed to the
underside of the lighttransmitting substrate 2 andtuned
to the outputwavelength of volume hologram 3; a CCD
image detection panel 7B proximate to, or directly
affixed to the underside of the narrow band-pass filterby
wayof an adhesive or indexmatching layer. As shown,
each of theseoptical components is aligned withoptical
axis 99. The device also includes a light source 1, and
optional beamshaping optics, for producing a substan
tially monochromatic lightbeamtuned in wavelength or
inputangle to match the Bragg anglecondition for trans
mission volume hologram 2. Alternatively, a white light
source 1 maybe used instead of a laser. Insucha case,
thewhitelightbeamis passed through a second narrow
band-pass filter 211 selected asabove in orderto match
the Bragg condition for theslanted fringelightdiffractive
grating embodied within the volume hologram 3. The
function of narrow band-pass filter 210 is to eliminate
stray light or unwanted fluorescence from the finger by
virtueof its narrow passband. Electronics circuitry 212
is also provided for powering the light source 1 and
image detector 7b and passing information to and from
image detector 7b. Such electronic circuitry may be
interfaced to an appropriate connector, or connectors,
located, for example, on edge209of housing 203. Pref
erably, the entire structure is housed in compact hous
ing203, as in the fourth illustrative embodiment. During
operation of this illustrative embodiment, the fingerof a
subject to be identified is placed through opening 202 in
housing 203 ontoplanarfinger illuminating region 204.
Notably, asshown, in this illustrative embodiment, trans
mission volume hologram is illuminated by lightpassing
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throughthe light transmitting substrate 2 into the trans
mission hologram 3.

[0045] In the fifth illustrative embodiment of Figs 6
and 6A, the fringe slant angle of the transmission holo
gram is generallysuch that the optical acis of the dif- 5

fractedbeamtravelsat angle lessthan the criticalangle
of the substrate and/or recording medium. The function
and properties of such a slanted fringe transmission
grating are similar to that of a reflection-type light dif
fractive grating. As such, this alternate embodiment of 10

the imagedetection systemof the presentinvention will
operate in a similar fashion to the systemconfiguration
shown in Fig.2.
[0046] Notably, a principal advantage of the image
detectiondevice whown in Fig. 5 through 6A if that no 15

image transfer means is utilized, permit an ultra-com
pact construction.
[0047] The following holographic recording method
has been successfully practiced during the production
of both light transmission and reflection holographic 20

structures embodying slanted-fringe light diffractive
gratings that have been incorporated into topographic
imagedetection systemsof the first through five illustra-
tive embodiments of the present invention. Notably, the
slanted fringe light diffractive gratings used in such 25

devices will produce substantially collimated light rays
for object illumination. The optical recording arrange
mentsshownin Figs. 7 through 9 are configured for pro
ducing such types of slanted fringe light diffractive
gratings. However, as will be shownhereinafter with ref- 30

erence to Figs 11 through 13, it is possible to use
slanted gratings that produce light rays that converge
from a perspective point, as in the case of viewing
objects with humanvision. While reference is made to
the opticalrecording arrangements of Figs. 7 to 9 in the 35

below described method, it is understood that the
method is equally applicable to the production of the
slanted gratings used in the sixth, seventh and eighth
embodiments of the presentinvention shownin Figs. 11
through 13. However, in such embodiments, the optical 40

recording arrangements shown in corresponding Figs.
11 A and 12Awouldbe used.
[0048] When recording the slanted-fringe light dif
fractive grating within the hologram 3, it is particularly
importantto achieve highdiffraction efficiency, and high 45

fringe contrast. It has been discovered that this can be
achieved by closely matching the index of refraction of
the lighttransmitting substrate 2 withthe indexof refrac-
tion of the recording medium used to makethe volume
hologram 3 in the illustrative embodiments. In general, 50

there are two different cases to consider. As will be
described below, each case has its own special
approach to indexmatching.
[0049] Inthefirst case, wherethe indexof refraction
of substrate 2 is equal to or lessthanthe indexof refrac- 55

tion of recording medium3, the above-described prop
erties can be achieved by satisfying the following
condition: the thinner the substrate, or the steeper the
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angleof travel of the lightwithinthe substrate, the closer
the indexof refraction of the substrate and the recording
material mustmatch. Thegraphof Fig. 10 illustrates the
importance of the above-described index matching cri
terion. The set of curves associated with this graph
showsthe percentage of s-polarized light which will be
transmitted from a substrate having an index of refrac
tion less than 1.495by the amountshownon the x-axis
intoa recording medium having an indexof refraction of
1.495. Eachcurve represents the angle of incidence of
a light wave within the substrate, as measured to the
normal to the substrate. In order to achieve a compact,
cost-effective system, it is desirable to utilize thin sub
strates, necessitating incident angles within the sub
strate approaching 90 degrees. Fig. 10 shows curves
for arbitrarily selected steep incident angles of 85, 88,
88.5, 89, 89.5 and 89.9 degrees. These curves were
derived from the well known Fresnel reflection equa
tions combined with the Snell's Law equation, as may
be found, for example, in Opticsby K.D. Moller, Univer
sity Science Books, Mill Valley, CA, 1988, page 196.
Thevaluesshownon thex-axiswerearbitrarilyselected
to extend to 0.005, representing a refractive index of
1.490for the substrate. It should be understood that the
values indicated in Fig. 10 were arbitrarily selected for
illustration purposes, and do not represent specific
physical bounding values. As can be seen from this
graph, significant transmission of light intothe recording
medium from a thin substrate can be achieved by
closelymatching the indexof refraction of the substrate
and recording medium. Fora particulargrazing angleof
incidence for the reference beam during recording (or
reconstruction beam on playback), the graphof Fig. 10
showshow close the match mustbe. Clearly, the index
matchis functionally dependent on the incidentangleof
the laser beam used to record the slanted light diffrac
tive grating.

[0050] In the second case, where the index of
refraction of the recording mediumis lessthanthe index
of refraction of the substrate, an evanescent wave is
naturally produced at the boundary between the sub
strateand the recording medium. This results in limited
penetration of the lightbeamfrom the substrate into the
volume of the recording medium. If certain recording
media are used (e.g. the DuPont family of holographic
photopolymers having migratable monomer compo
nentsdrawntowardslight), then the creation of an eva
nescent wave at the boundary between the recording
medium and the substrate, will draw monomer to the
boundary between the substrate and the recording
layer. This monomer migration process increases the
local index of refraction, thereby allowing the holo
graphic recording reference beam to penetrate into the
volume of the recording medium. This self-induced
indexmatching effectenables interference of the refer
ence beam with an object beam so as to produce
recordable andpermanent high-contrast slanted fringes
within the recording medium. Thus when the recording
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medium indexof refraction is slightly lessthanthe index
of refraction of the substrate, it is nevertheless possible
to achieve sufficient index matching and recording of
highfringecontrast in slanted lightdiffractive gratings.

[0051] Having addressed index matching require- 5

ments, the holographic recording procedure will nowbe
described in detail below. The first step of the holo
graphic recording procedure hereof involves cutting a
piece of DuPont holographic recording film material
(designated HRF 352 having indexof refraction at the 10

sodium D line of approximately 1.506) into a 2 inch
square. Then using a roller pressure technique, the
square is laminated to a piece of BK10 glass whose
edges werepolished to an optical finish. Notably, these
materials are index matched in accordance with the 15

above-described method. The resulting structure, hav-
ing approximately a half inchthickness and an indexof
refraction at thesodium D lineof 1.498, wasusedasthe
recording substrate. Using the optical arrangement
shown in Fig. 8, thefilm material wasexposed to Argon 20

laser light at 514.5 nm using s polarization and other
well known and standard holographic recording tech
niques. The angle of incidence of the reference beam
within the glass substrate, was approximately 88
degrees. The film was exposed to approximately 500 25

mJ/cm2. The details of the recording arrangement are
described below in connection with the recording of
reflection holograms.
[0052] As shown in Fig. 8, the reference beam 30,
which may be collimated, converging or diverging, or 30

otherwise anamorphically shaped, depending on the
application andhowthe reconstruction illumination is to
be shaped, is fedthrough the edge of substrate 2. Alter
natively, the reference beam may also be fed from the
faceas discussed previously. The reference beam then 35

travels within the substrate and impinges on holo
graphic photosensitive medium 3 laminated to substrate
2. Theobject beam, 31,whiledepicted in Fig. 2 asbeing
collimated, maybe converging or diverging, depending
on the application. This beam 31 impinges on holo- 40

graphic recording medium 3 with an optical axis, such
that the reconstructed first order diffraction beam will
travel at ananglewithrespect to optical axis99 aboutor
less than the critical angle for the substrate and/or
recording medium, as shown. The side that the object 45

beamstrikes holographic recording medium 3 depends
on the final application, and determines whether the
hologram will be transmission hologram (as shown in
Fig. 7) or a reflection hologram (as Fig. 8). The interfer
ence of the two beams within the volume of the holo- 50

graphic recording medium 3 expose the same.
[0053] If the diffracted illumination beam used to
illuminate theobjecthasinsufficient uniformity, thereare
various techniques that maybe used to precompensate
the exposure of the hologram to achieve uniform recon- 55

struction illumination. One such method includes using
a maskwith varying transmission which maybe photo
graphically or vacuum coated or otherwise produced
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which is placed before exposure of the hologram in the
object beamand/or the reference beam to precompen
sate the exposure densities and thus fringe contrast in
the recorded hologram to take intoaccount the uneven
nessof the reconstruction illumination and thus yield a
reconstructed diffraction illumination light field emitted
fromthe hologram which is uniform in intensity and will
thus uniformly illuminate the object undertest.

[0054] During development of the holographic light
diffractive grating, the exposed film structure maybe left
on the glasssubstrate and then processed with ultravi
olet light and an optional heat cure, as prescribed by
DuPont. However, for convenience, the exposed film
structure waspeeled off the glasssubstrate and relam
inated to an acrylic substrate having a 1/8 inch thick
nessand an indexof refraction of approximately 1.491.
Thereafter, the exposed film structure canbe UVcured
in order to permanently fix the interference fringes
within the film structure. Notably, the reason why the
acrylic substrate is preferred duringplayback, is that is
more cost effective and, unlike glass, is not prone to
breakage. Since the close indexmatching noted above
is most important duringrecording of the hologram, the
index differential of the acrylicsubstrate merely serves
to shifttheangleof incidence somewhat of the illuminat
ingbeam. However, asshown in Fig. 10,theacrylicsub
strate does not transmit the reconstructed light as
efficiently as a closely matched substrate otherwise
would.
[0055] One may alternatively use an intermediate
index matching medium (e.g. fluid, glue or otheradhe
sive) disposed between the light transmitting substrate
and the holographic recording medium. In such
instances, the index of refraction of the intermediate
coupling medium should preferably be equal to the
index of refraction of the lighttransmitting substrate 2, or
the slanted grating optical element 3, or have an index
of refraction between the indexof refraction of the sub
strate 2 andthe slanted grating optical element 3.
[0056] Fig. 9 shows an additional wayof making the
above referred to holograms. This general technique of
making "total internal reflection holograms" is
described, for example, by Stetson in Optik, Volume 29,
at pages 520-537 (1969). Themethod shown in Fig. 9 is
modified and improved over that described by Stetson
in because substrate 82 closely matches the index of
refraction of the holographic medium 83 as noted
above. In this optical recording arrangement, laser light
is split into an object beamand a reference beam as is
commonly donein the holographic art. Reference beam
80 impinges on prism 81 which is coupled to substrate
82by wayof an indexmatching fluid 85,whose index of
refraction is desirably equal to the indexof refraction of
the substrate 82, or the prism 81, or somewhere in
between those indices. A light absorber 86 is attached
to the prism 81, as shown. Photosensitive holographic
medium 83 is laminated or otherwise indexmatched or
attached to substrate 82. Substrate 82 closely matches
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recording medium 3 and substrate 3 andconverges to a
point several inchesbelowthe substrate. Theportion of
the beam 301 within the recording medium 3 must be
largerindiameterthanthe objectdesiredto laterbe illu
minated. The reference beam 302 entersthe substrate
2 and interfering with the object beam 301 forms a
slanted fringe grating within the recording medium. The
object and reference beamsare preferably s-polarized.
Index matching of the substrate to the recording
medium is carriedout as described above. Similarly, the
relamination and reillumination techniques described
abovemayalso be practiced.

[0060] During operation of the image detection
deviceof Fig, 11, a reconstruction beam is transmitted
through substrate 2 which causes converging beam to
be emitted from the hologram, illuminating the finger 4.
A reflected converging lightfield, modulated by the top
ographic pattern of a fingerprint, is then reflected
towards the image detector, in this case the viewer s

20 eye303. The entireilluminated fingerprint is can be see
by the naked eye of the viewer, or using a magnifying
lens if desiredfor closer inspection.
[0061] In the sixth illustrative embodiment shownin
Fig. 11, the reconstruction of the hologram produces

25 what is known as the virtual image. Another possibility
shownin Fig. 12 is to reconstruct the hologram with the
conjugate of the original reference beam, which strikes
the hologram from the opposite direction, 180 degrees
from the original reference beamdirection.

30 [0062] In Fig. 12, a seventh illustrative embodiment
of the present invention is shown. This embodiment
uses phase conjugate reconstruction during its opera
tion. As shown in optical recording arrangement of Fig.
12A, the object beam 330, shownas a collimated light

35 beam, strikes the recording medium 3 such that the
reconstructed first order diffracted light beam will have
an angle with respect to optical axis 99, which is less
than the criticalanglefor the substrate and/or recording
medium. Reference beam 331 enters and travels

40 through light transmitting substrate 2 at an oblique
angle, and then enters recording medium 3 in order to
interfere with objectbeam330, causing the formation of
a slanted fringe grating within the recording medium.
The criteria for index matching the substrate to the

45 recording medium, substrate material selection, the use
of s-polarized light and other recording features
described hereinabove apply to the makingof the sev
enth illustrative embodiment shown in Fig. 12A. After
the hologram is processed, a replaysubstrate 332 hav-

50 ing characteristics matching those of other replay
superstrate described herein, is laminated, indexed
matched or otherwise affixed to the opposite side of the
recording medium, as shown in Fig. 12. Lightdirecting
substrate 2 is then affixedto the underside of the holo-

55 gram 3, and a narrowband pass filter 333 is affixed to
the underside of substrate 3, as shown. A CCD image
detector334 is then affixedto the underside surface of
the narrow band pass filter 333 to complete the con-

the refractive indexof holographic medium 83 as noted
above, and if any index matching or other attaching
means is used between the substrate 82 and the holo
graphic recording medium 83, its index of refraction
must equal that of substrate 82 or holographic medium 5

83 or be somewhere in between those values. Object
beam84 strikesthe holographic medium approximately
perpendicular to it. The interference of the objectbeam
and the reference beam cause slanted fringes to be
formed within the holographic medium. The medium is 10

then disattached from the prism and processed using
known holographic recording medium processing tech
niques. The processed hologram is then laminated or
otherwise attached to the light transmitting substrate 2
of the fingerprint imaging device of the present inven- 15

tion.

[0057] Oftentimes, it will be desirable to shape the
wavefront of the (reconstruction) illumination beamwith
optics to match the wavefront used for the recording
(reference) beam. This will minimize aberrations in the
emitted first order beam, which is the conjugate of the
original object beam. In some applications requiring
extreme precision of measurement, minimizing these
aberrations may be an important consideration. For
applications with looser object illumination require
ments, illumination with a more convenient wavefront,
such as a spherical wavefront emanating from a small
filament white light lamp, may produce perfectly satis
factory results.
[0058] In the topographic image detectors
describedabove, the object (e.g. a finger) is illuminated
using substantially collimated light rays produced from
the slanted-fringe light diffractive gratings embodied in
either the reflection or transmission volume holograms
employed therein. Consequently, the size of the image
detector 78 needs to be the same size as the illumi
nated object area to be viewed. In Figs. 11, there is
shown a sixth illustrative embodiment which is particu
larly useful whendesiringto view an illuminated object,
such as finger, using ones eyes. As shown in Fig. 11,
the topographical image detector includes a reflection
type hologram 3 mounted to light transmitting substrate
2 with a fingersupporting region. The hologram embod
ies a light diffractive grating which causes modulated
light from the illuminated object, to converge to a per
spective point (e.g. the pupil of the viewer's eye) so that
he or she may easily view the image therefrom, as
shown. This configuration may also be used to detect
imageson a smaller imagedetectorplacedat the focal
point of the lightdiffractive grating.
[0059] In Fig. 11 A, an optical recording arrange
ment is shownfor making the reflection hologram used
in the deviceof Fig. 11. Inall otherrespects, the general
method hereof can be followed to produce this type of
light diffractive grating. As shown in Fig. 11 A, an object
beam 300 is passedthrougha large low f-number lens
308, to illuminate holographic recording medium 3 with
a converging light beam 301 which passes through the

11
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a light transmitting substrate (2, 12,21) having
an indexof refraction N1, capable of transmit
ting light;
an objectilluminating region (204) for illuminat
ing an object(4, 14,24) in proximity therewith;
an optical element (3, 13,23) having an index
of refraction N2 and embodying a light-diffrac
tive grating, said optical element (3, 13, 23)
being affixed to a portion of said light transmit
ting substrate (2, 12,21), and disposed about
an optical axis (99) passing through saidobject
illuminating region (204); and
lightproducing means (1, 10,20) forproducing
light rays (15, 25) for propagation within said
light transmitting substrate (2, 12, 21), and
towards saidoptical element (3, 13,23)so that
light rays are diffracted by said light diffractive

Claims

1. A device of compact construction for producing an
image of the topographical surface structure of an
object, comprising:

beam of the laser was expanded anamorphocally
before entering the light transmitting substrate. The
image formed on the CCD image detection array was
frame-grabbed andstored in a graphic format computer
file.

[0067] Having described the illustrative embodi
ments of the present invention, several modifications
readily come to mind.
[0068] The slanted-fringe light diffractive grating
may be recorded within the volume hologram of the
image detection device so that lightemitted froma LED
or laserdiodemaybe used for reconstruction (i.e. illumi
nation).
[0069] The slanted fringe light diffraction gratings

15 used in the device of the present invention may be
embodied in non-holographic structures, using non
holographic recording techniques. An alternative holo
graphic technique may include making slanted fringe
gratings by immersing the recording medium in a large
tankfilledwithan indexmatching fluid. In this approach
to fringe grating production, the index matching fluid
replace the substrate 2, but is subject to thesameindex
matching versus inputangle requirements illustrated in
Fig. 10anddescribed hereinabove
[0070] While a number of different embodiments
have beendescribed above, it understood that the ele-
ments of such embodiments may be combined in
accordance with the principles of the present invention
to provide yet additional embodiments of the present
invention. It is understood that while further modifica
tionsof the present invention will occurto persons with
ordinary skill in the art, all such modifications are
deemed to be within the scope of the present invention
as defined by the appended claims.

struction of the image detection device of the seventh
illustrative embodiment. Optionally, substrate 2 can be
eliminated fromthe device in orderto achieve a thinner
resulting geometry, as this optical element is not
required forthephase conjugate replay geometry of this 5

illustrative embodiment.

[0063] During operation of the image detection
device of Fig. 12, reconstruction illumination light 336
travels through replay superstrate 332 in the direction
approximately 180degrees opposite thedirection of the 10

original reference beam. This causes the hologram to
reconstruct the object beam, which illuminates finger4.
The modulated reflected light from the finger 4 then
travels through The substrate 2 to the image detector
334.
[0064] In Fig. 13,an eighth illustrative embodiment
of the present invention is illustrated. As shown, this
embodiment comprises: a indexdiscontinuity layer 320
disposed between a finger supporting layer 321 and
reflection-type volume hologram 3; light transmitting 20

substrate 2 affixed to hologram 3 with proper index
matching requirements satisfied; a narrow band-pass
filter 333 proximate to or affixed to the underside sur
faceof substrate 2; andCCD imagedetection panel 334
affixed to narrow band-pass filter 333, as shown. The 25

source of illumination 335 is arranged to enterthrough
light transmitting substrate 2, from the opposite edge
(i.e. transmission direction). The index discontinuity
layer 320should have an indexof refraction lowenough
to cause total internal reflection of the illumination beam 30

at the interface between layer 320 and light diffractive
substrate 3. Layer 320, if not air, should also cause a
reasonable index match to the protective layer 322 in
orderto avoid the formation of unwanted Moirefringes.
[0065] During operation, the illuminating beam 35

passes from source 335 into substrate 2 and through
reflection-type volume hologram 2, where it is reflected
at the interface between hologram 3 and indexdisconti
nuity layer 320 (e.g. realized as an air gap or partial
indexmatching medium). As shown in Fig. 13, the iIIu- 40

mination beam is then reflected back into volume holo
gram3 at the correct angle as the phase conjugate of
the original reference beam, thus satisfying the Bragg
condition. Thiscauses the hologram to transmit a beam
substantially perpendicular to theplaneof the hologram 45

which then passes through index discontinuity layer
320, protective cover layer 321, to illuminate finger 4
supported thereon. Reflected light modulated by the
illuminated fingerpattern is then reflected backthrough
optical elements 320, 3, 2 and 333 onto CCD image 50

detection panel 334.
[0066] Fig. 14 shows a frame-grabbed fingerprint
image produced using the image detection system
embodying the present invention. As shown, finger
ridges andvalleys caneasilybe seen, as wellas pores. 55

In this case, a volume hologram was used to produce
the illuminating light beam, whereas illuminating light
source was an Argon laser tuned at 514.5 nm. The

12
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grating into the first diffraction order thereof
and propagate along said optical axis (99)
towards saidobject (4,14,24),
whereupon said light rays (15, 25) fall incident
uponthe object (14,24) disposed proximate to 5

saidobject illuminating region (204), aremodu
lated by the topographical surface structure of
the object (4, 14, 24) and propagate back
through said light transmitting substrate (2, 12,
21) and said optical element (3, 13, 23) along 10

said optical axis (99) and fall incident uponan
image detection means (7b, 17,27) positiona-
blesubstantially aboutsaidoptical axis (99), so
as to detectan image of the topographical sur-
facestructure of the object(4, 14,24). 15

2. Thedevice of claim 1,which furthercomprises said
image detection means (7b, 17,27) disposed sub
stantially aboutsaidoptical axis (99), adjacent said
optical element (3, 13, 23), for detecting an image 20

of the topographical surface structure of the object
(4, 14,24).

3. Thedevice of claim 1or 2, wherein saidoptical ele
ment (3, 13, 23) is a volume hologram embodying 25

said lightdiffractive grating.

4. The device of claim 3, wherein said lightdiffractive
grating hasslanted fringes.

30

5. Thedevice of claim 1 or 2, wherein said lighttrans
mitting substrate (2, 12, 21) has an upper surface
(5a) upon which said object illuminating region
(204) is disposed, and a lower surface (5b)
arranged opposite said upper surface (5a). 35

6. Thedevice of claim 5, wherein saidoptical element
(3, 13,23) is affixed to the lower surface (5b) of said
light transmitting substrate (2, 12,21) substantially
aboutsaidoptical axis (99). 40

7. Thedevice of claim 6, wherein saidoptical element
(3, 13, 23) is a volume hologram embodying a
slanted-fringe lightdiffractive grating.

array.

12. The device of any preceding claim, wherein said
light transmitting substrate (2, 12,21), said optical
element (3, 13,23) andsaid lightproducing means
(1, 10,20) are contained within a compact housing
(208) having an access aperture through which the
object (4, 14,24) can be brought into optical com
munication with said light transmitting substrate (2,
12,21) along saidoptical axis (99).

13. The device of any of claims 1 to 9, wherein said
image detection means (7b, 17,27) is the eyeof a
human observer.

14. Thedevice of claim 5, wherein saidoptical element
(3, 13, 23) is affixed to the upper surface (5a) of
said light transmitting substrate (2, 12, 21), sub
stantially aboutsaidoptical axis (99).

15. The device of claim 14, wherein said optical ele
ment(3, 13,23) is a volume hologram embodying a
slanted-fringe lightdiffractive grating.

16. Thedevice of claim 15, wherein said volume holo
gram is a reflection-type hologram.

17. Thedevice of claim 15, wherein said volume holo
gram is a transmission-type hologram.

18. Thedevice of claim 15,wherein said image detec
tion means is an electro-optical image detector.

19. Thedevice of claim 18,wherein saidelectro-optical
image detector is an image detector array.

20. The device of any preceding claim, wherein said
light producing means (1, 10, 20) produces sub
stantially monochromatic light.

21. The device of any of claims 1 to 19, wherein said
light producing means (1, 10, 20) produces white
light.

8. The device of claim 7, wherein said volume holo
gramis a reflection-type hologram.

9. The device of claim 7, wherein said volume holo
gramis a transmission-type hologram.

10. The device of any preceding claim, wherein said
image detection means (7b, 17, 27) is an electro
optical image detector optically coupled to saidopti
cal element (3, 13,23).

11. Thedevice of claim 10,wherein saidelectro-optical
image detector (7b, 17, 27) is an image detection

45 22. The device of any of claims 1 to 12, which further
comprises an image transfer means (7a, 16, 26)
disposed between said image detection means (7b,
17,27) andsaidoptical element (3, 13,23).

50 23. Thedevice of claim 22,wherein said image transfer
means (7a, 16,26) is a structure selected fromthe
group consisting a lens system (16, 26), a micro
channel plate, a fiber optic array, and a micro-lens
array.

55

24. The device of any preceding claim, in combination
with an image storage means for storing images
produced by said image detection means (7b, 17,

13
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27).

25. The device of any preceding claim, which further
comprises an image analyzer (207) and an image
database (207). 5

26. The device of claim 12, wherein said compact
housing (208) further includes electronic circuitry
(209) for interfacing said image detection means
(7b, 17,27) with a computer-based system. 10

27. The device of any of claims 1 to 20, wherein said
light producing means (1, 10, 20) is a structure
selected from the groupconsisting of a monochro
matic light source, a small filament incandescent 15

lamp, and a light emitting diode.

28. The device of any preceding claim, wherein said
light diffractive grating produces converging light
rayswhen said light beamstrikessaid lightdiffrac- 20

tive grating.

29. The device of any of claims 1 to 27, wherein said
light diffractive grating produces substantially colli
mated light rays when said light beam strikes said 25

lightdiffractive grating.

30. The device of any of claims 1 to 27, wherein said
lightdiffractive grating produces diverging light rays
when said light beam strikes said light diffractive 30

grating.

31. The device of any preceding claim, wherein said
indices of refraction N1 and N2are matched to opti-
mizelightdiffraction efficiency. 35

32. The deviceof claim 1, wherein light rays produced
fromsaid lightproducing meansstrikesaid lightdif
fractive grating suchthat the first diffraction orderof
saiddiffracted light travels alongsaidoptical axisat 40

anglewith respect to saidoptical axis, which is less
thanthe critical anglefor said lighttransmitting sub
strateand/orsaidoptical element.

33. The device of any preceding claim, wherein said 45

object illuminating region is associated with a por-
tion of said lighttransmitting substrate at aboutsaid
optical axis.

34. The device of any of claims 1 to 32, wherein said 50

object illuminating region is associated with a por-
tion of saidoptical element, aboutsaidoptical axis.

35. The device of any preceding claim, which further
comprises a light transmitting substrate operably 55

associated with saidoptical element.

36. The device of any preceding claim, which further

14

comprises a PCMCIA-type housing containing the
operative elements of saiddevice.

37. A method for carrying out all the necessary stepsto
makethedeviceas claimed in anypreceding claim,
the method comprising usingholographic recording
techniques.

Patentanspruche

1. Vorrichtung von kompakter Bauart zum Abbilden
der topographischen Obertlachenstruktur eines
Objekts, umfassend:

ein lichttransmittierendes Substrat (2; 12; 21)
mit einem Brechungsindex N1,
einen in der Nahe des Objekts (4; 14; 24)
befindlichen Objektausleuchtungsbereich
(204),
ein optisches Element (3; 13; 23) mit einem
Brechungsindex N2,das ein Lichtbeugungsgit
ter darstellt, an einem Teil des lichttransmittie
renden Substrats (2; 12; 21) befestigt ist und
um eine durch den Objektausleuchtungsbe
reich (204) laufende optische Achse (99)
befindlich ist, und
eine Einrichtung (1; 10;20) zum Erzeugen von
Lichtstrahlen (15; 25), die sich innerhalb des
lichttransmittierenden Substrats (2; 12;21) und
auf das optische Element hin (3; 13; 23) aus
breiten, so daB die Lichtstrahlen von dem
Lichtbeugungsgitter in dessen erste Beu
gungsordnung gebeugt werden und langs der
optischen Achse (99)aufdas Objekt(4; 14;24)
zulaufen, wobei die Lichtstrahlen (15; 25) auf
den nahe dem Objekt (14; 24) befindlichen
Objektausleuchtungsbereich (204) einfallen,
von der topographischen Obertlachenstruktur
des Objekts (4; 14; 24) moduliert werden,
durchdas lichttransmittierende Substrat (2; 12;
21) unddas optische Element (3; 13;23) langs
der optischen Achse (99)zurucklauten undauf
eine Bilderfassungseinrichtung (7b; 17; 27)
einfallen, die im wesentlichen um die optische
Achse (99) positionierbar ist, um ein Bild der
topographischen Obertlachenstruktur des
Objekts(4; 14;24) zu erfassen.

2. Vorrichtung nachAnspruch 1, bei der die Bilderfas
sungsvorrichtung (7b; 17; 27) im wesentlichen um
die optische Achse (99) neben dem optischen Ele
ment (3; 13; 23) zum Erfassen eines Bildes der
topographischen Oberflachenstruktur des Objekts
(4; 14;24) angeordnet ist.

3. Vorrichtung nach Anspruch 1 oder 2, wobei das
optische Element (3; 13; 23) in einem Volumenho
logramm mitdem Lichtbeugungsgitter besteht.
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4. Vorrichtung nach Anspruch 3, wobei das Lichtbeu
gungsgitter schraqe Streifen aufweist.

5. Vorrichtung nach Anspruch 1 oder 2, wobei das
lichttransmittierende Substrat (2; 12;21) eineobere 5

Flache (Sa) aufweist, auf der der Objektausleuch
tungsbereich (204) liegt, und eine untere Hache
(5b), die der oberen Hache (Sa) gegenOberliegt.

besteht, das ein Lichtbeugungsgitter mit schraqen
Streifen aufweist.

16. Vorrichtung nach Anspruch 15, wobei das Volu
menhologramm vorn Reflektionstypus ist.

17. Vorrichtung nach Anspruch 15, wobei das Volu
menhologramm vorn Transmissionstypus ist.

6. Vorrichtung nach Anspruch 5, wobei das optische
Element (3; 13;23) aufder unteren Flache (5b)des
lichttransmittierenden Substrats (2; 12; 21) im
wesentlichen um die optische Achse (99) ange
brachtist.

7. Vorrichtung nach Anspruch 6, wobei das optische
Element (3; 13; 23) in einem Volumenhologramm
besteht, das ein Lichtbeugungsgitter mit schraqen
Streifen aufweist.

8. Vorrichtung nachAnspruch 7, wobeidas Volumen
hologramm vorn Reflektionstypus ist.

10 18. Vorrichtung nachAnspruch 15,wobei die Bilderfas
sungsvorrichtung in einem elektro-optischen Bild
detektorbesteht.

19. Vorrichtung nach Anspruch 18, wobei der elektro-
15 optische Bilddetektor in einem Bilderfassungsarray

besteht.

20. Vorrichtung nach einem der vorhergehenden
AnsprOche, wobei die Lichterzeugungseinrichtung

20 (1; 10; 20) im wesentlichen monochromatisches
Lichterzeugt.

9. Vorrichtung nachAnspruch 7, wobeidas Volumen-
hologramm vornTransmissionstypus ist. 25

10. Vorrichtung nach einem der vorhergehenden
AnsprOche, wobei die Bilderfassungsvorrichtung
(7b; 17;27) in einem elektro-optischen Bilddetektor
besteht, der optisch an das optische Element (3; 30

13;23) ankoppelt.

21. Vorrichtung nach einem der AnsprOche 1 bis 19,
wobei die Lichterzeugungseinrichtung (1; 10; 20)
weiBes Lichterzeugt.

22. Vorrichtung nacheinem der AnsprOche 1bis 12,die
auBerdem eine BildObertragungsvorrichtung (7a;
16; 26) aufweist, die zwischen der Bilderfassungs
vorrichtung (7b; 17; 27) und dem optischen Ele
ment(3; 13;23) angeordnet ist.

11. Vorrichtung nach Anspruch 10, wobei der elektro
optische Bilddetektor (7b; 17; 27) in einem Bilder
fassungsarray besteht.

23. Vorrichtung nachAnspruch 22, wobei die BildOber
tragungsvorrichtung (7a; 16; 26) ein Linsensystem

35 (16; 26), eine Mikrokanalplatte, ein Arrayaus opti
schen Fasern oder ein Mikrolinsenarray ist.

12. Vorrichtung nach einem der vorhergehenden
AnsprOche, wobei das lichttransmittierende Sub
strat (2; 12; 21), das optische Element (3; 13; 23)
und die Lichterzeugungseinrichtung (1; 10; 20) in 40

einem kompakten Gehause (208) mit einer
Zugangsoffnung eingefaBt sind, durch die das
Objekt (4; 14; 24) in optische Verbindung mit dem
lichttransmittierenden Substrat (2; 12;21) langsder
optischen Achse (99)gebracht werden kann. 45

13. Vorrichtung nach einem der AnsprOche 1 bis 9,
wobei die Bilderfassungsvorrichtung (7b; 17; 27)
das Augeeinesmenschlichen Betrachters ist.

50

14. Vorrichtung nach Anspruch 5, wobei das optische
Element (3; 13;23) an der oberen Flache (Sa) des
lichttransmittierenden Substrats (2; 12; 21) im
wesentlichen um die optische Achse (99) ange-
bffiC~i~. ~

15. Vorrichtung nachAnspruch 14,wobeidas optische
Element (3; 13; 23) in einem Volumenhologramm

15

24. Vorrichtung nach einem der vorhergehenden
AnsprOche in Kombination mit einer Einrichtung
zum Speichern von durch die Bilderfassungsvor
richtung (7b; 17;27) erzeugten Bildern.

25. Vorrichtung nach einem der vorhergehenden
AnsprOche, die ferner eine Bildanalysevorrichtung
(207) und eine Bilddatenbank (207) aufweist.

26. Vorrichtung nach Anspruch 12, wobei das kom
pakteGehause (208) auBerdem eineelektronische
Schaltung (209) zur VerknOpfOng der Bilderfas
sungsvorrichtung (7b; 17;27) mit einem computer
basierten System aufweist.

27. Vorrichtung nach einem der AnsprOche 1 bis 20,
wobei die Lichterzeugungseinrichtung (1; 10;20) in
einermonochromatischen Lichtquelle, einerLampe
mit kleinem GIOhfaden oder einer lichtemittieren
den Diode besteht.
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40 2.

28. Vorrichtung nach einem der vorhergehenden
AnsprOche, wobei das Lichtbeugungsgitter beim
Auftreffen eines Lichtstrahls konvergente Licht
strahlen erzeugt.

5

29. Vorrichtung nach einem der AnsprOche 1 bis 27,
wobei das Lichtbeugungsgitter beim Auftreffen
einesLichtstrahls im wesentlichen kollimierte Licht
strahlen erzeugt.

10

30. Vorrichtung nach einem der AnsprOche 1 bis 27,
wobei das Lichtbeugungsgitter beim Auftreffen
eines Lichtstrahls divergente Lichtstrahlen erzeugt.

31. Vorrichtung nach einem der vorhergehenden 15

AnsprOche, wobeidie Brechungsindizes N1 und N2
zur Optimierung der Lichtbeugungseffizienz ange
paBtsind.

32. Vorrichtung nach Anspruch 1, wobei die von der 20

Lichterzeugungseinrichtung erzeugten Lichtstrah-
len das Lichtbeugungsgitter so treffen, daB die
erste Beugungsordnung des Lichtbeugungsgitters
in einemWinkellangszur optischen Achseverlauft,
der kleiner als der kritische Winkel des lichttrans- 25

mittierenden Substrats und/oder des optischen Ele
ments ist.

33. Vorrichtung nach einem der vorhergehenden
AnsprOche, wobeider Objektausleuchtungsbereich 30

mit einem Teil des lichttransmittierenden Substrats
etwabei der optischen Achseverbunden ist.

34. Vorrichtung nach einem der AnsprOche 1 bis 32,
wobei der Objektausleuchtungsbereich mit einem 35

Teil des optischen Elements etwabei der optischen
Achseverbunden ist.

35. Vorrichtung nach einem der vorhergehenden
AnsprOche, die auBerdem ein lichttransmittieren
des Substrat aufweist, das betriebstahiq mit dem
optischen Element verbunden ist.

36. Vorrichtung nach einem der vorhergehenden
AnsprOche, die auBerdem ein PCMCIA-Gehause 45

mit den operativen Elementen der Vorrichtung auf
weist.

37. Verfahren zur AusfOhrung aller fOr die Herstellung
der Vorrichtung nach einem der vorhergehenden 50

AnsprOche notwendigen Schritte unter Verwen
dung holographischer Aufnahmetechniken.

Revendications
55

1. Dispositif de construction compacte pour produire
une imagede la structure de surface topographique
d'un objet,comprenant :

16

un substratde transmission de lurniere (2, 12,
21) ayant un indice de refraction N1, capable
de transmettre de la lumiere ;

une regiond'illumination d'objet (204)pour illu
miner un objet (4, 14,24) aproximite de celle
ci;
un element optique (3, 13, 23) ayantun indice
de refraction N2 et mettant en oeuvre un
reseau de diffraction de lurniere, ledit element
optique(3, 13, 23) etantfixe aune partie dudit
substratde transmission de lumisre(2,12,21),
et disposeautourd'un axe optique(99) traver
sant ladite region d'iliumination d'objet (204) ;
et
des moyens de production de lumiere (1, 10,
20) pour produiredes rayons lumineux (15,25)
destines a etre propaqes a l'lnterieur dudit
substratde transmission de lumiere(2, 12,21)
et vers ledit element optique (3, 13, 23) de
sorteque des rayons lumineuxsoientditfractes
par ledit reseau de diffraction de lurnisreselon
Ie premierordrede diffraction de celle-ci et se
propagent Ie long dudit axe optique (99) vers
ledit objet (4, 14,24),
apres quoi lesdits rayons lumineux (15, 25)
arrivent de rnaniere incidente sur I'objet (14,
24) dispose aproxirnite de ladite region d'illu
mination d'objet (204), sont modules par la
structure de surface topographique de I'objet
(4, 14, 24) et se propagent en retouratravers
leditsubstrat de transmission de lumiere(2, 12,
21) et ledit element optique (3, 13,23) Ie long
dudit axe optique (99) et arrivent de rnaniere
incidente sur des moyens de detection d'image
(7b, 17,27) reglables en positionsensiblement
autour dudit axe optique (99), de maniere a
detecter une imagede la structure de surface
topographique de I'objet(4,14,24).

Dispositif selonla revendication 1, qui comprend en
outre lesdits moyens de detectiond'image (7b, 17,
27)disposessensiblement autourduditaxeoptique
(99), adjacents audit element optique (3, 13, 23),
pour detecter une imagede la structurede surface
topographique de I'objet(4,14,24).

3. Dispositif selon la revendication 1 ou 2, dans lequel
leditelement optique(3, 13,23) est un hologramme
en volume mettant en oeuvre ledit reseau de dif
fraction de lurniere,

4. Dispositif selon la revendication 3, dans lequelledit
reseau de diffraction de lumiere presents des bords
inclines.

5. Dispositif seton la revendication 1 ou 2, dans lequel
leditsubstrat de transmission de lumisre (2, 12,21)
presents une surface superieure (5a) sur laquelle
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est disposse ladite region d'illumination d'objet
(204), et une surface inferieure (5b) disposee a
l'copose de laditesurface superteure (5a).

6. Dispositif selon la revendication 5, dans lequel ledit 5

element optique (3, 13,23)estfixealasurface infe
rieure (5b) dudit substrat de transmission de
lurnisre (2, 12, 21) sensiblement autour dudit axe
optique (99).

10

7. Dispositif selon la revendication 6, dans lequelledit
element optique (3, 13,23) est un hologramme en
volume constituant un reseau de diffraction de
lurniere abardsinclines.

15

8. Dispositif selon la revendication 7,dans lequelledit
hologramme envolume estunhologramme du type
areflexion.

9. Dispositif selon la revendication 7,dans lequelledit 20

hologramme envolume estunhologramme de type
atransmission.

10. Dispositif selon I'une quelconque des revendica
tions precedentes, dans lequel lesdits moyens de 25

detection d'image (7b, 17, 27) sont un detecteur
d'image slectro-opfique couple optiquement audit
element optique (3, 13,23).

11. Dispositif selon la revendication 10, dans lequel 30

leditdetecteur d'image electro-opfique (7b, 17,27)
est unematrice de detection d'image.

12. Dispositif selon I'une quelconque des revendica
tions prscedentes, dans lequel ledit substrat de 35

transmission de lumiere (2, 12, 21), ledit element
optique (3, 13,23) et lesdits moyens de production
de lurniere (1, 10,20)sontcontenus dansunboitier
compact (208) ayant une ouverture d'acces par
laquelle I'objet (4, 14,24) peut etremis en commu- 40

nication optique avecleditsubstrat de transmission
de lumiere (2,12,21) Ie longduditaxeoptique (99).

13. Dispositif selon I'une quelconque des revendica
tions1a9,dans lequellesdits moyens dedetection 45

d'image (7b, 17, 27) sont l'oeil d'un observateur
humain.

14. Dispositif selon la revendication 5, dans lequel ledit
element optique (3, 13, 23) est fixe a la surface 50

superieure (5a) dudit substrat de transmission de
lumisre (2, 12, 21), sensiblement autour dudit axe
optique (99).

15. Dispositif selon la revendication 14, dans lequel 55

leditelement optique (3, 13,23)estun hologramme
en volume constituant un reseau de diffraction de
lurniere abardsinclines.

17

16. Dispositif selon la revendication 15, dans lequel
ledithologramme envolume estun hologramme de
typeareflexion.

17. Dispositif selon la revendication 15, dans lequel
ledithologramme envolume estun hologramme de
typeatransmission.

18. Dispositif selon la revendication 15,danslequelles
dits moyens dedetection d'image sontundetecteur
d'image slectro-opfique.

19. Dispositif selon la revendication 18, dans lequel
ledit detecteur d'image electro-opfique est une
matrice de detection d'image.

20. Dispositif selon I'une quelconque des revendica
nons precedentes, dans lequel lesdits moyens de
production de lurniere (1, 10, 20) produisent de la
lumiere essentiellement monochromatique.

21. Dispositif selon I'une quelconque des revendica
tions1a19,danslequellesditsmoyens de produc
tionde lurniere (1, 10,20) produisent de la lumisre
blanche.

22. Dispositif selon I'une quelconque des revendica
tions1a12,qui comprend enoutredes moyens de
transfert d'image (7a, 16,26)disposes entrelesdits
moyens de detection d'image (7b, 17, 27) et ledit
element optique (3, 13,23).

23. Dispositif selon la revendication 22,danslequelles
dits moyens de transfert d'image (7a, 16, 26) sont
une structure selectionnee dans un groupe com
prenant un systems a lentilles (16, 26), uneplaque
a microcanaux, une matrice a fibres optiques et
unematrice amicro-Ientilles.

24. Dispositif selon I'une quelconque des revendica
tions prscedentes, en combinaison avec des
moyens de stockage d'image pourstocker des ima
ges produites par lesdits moyens de detection
d'image(7b, 17,27).

25. Dispositif selon I'une quelconque des revendica
tionsprecedentes, quicomprend enoutreunanaly
seur d'image (207) et une base de donnees
d'images (207).

26. Dispositif selon la revendication 12, dans lequel
ledit boitier compact (208) comparte en outre un
circuit electronique (209) servant d'interface entre
lesdits moyens de detection d'image (7b, 17,27) et
un systems abased'ordinateur.

27. Dispositif selon I'une quelconque des revendica
tions 1 a20,dans lequelles moyens de production
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de lurniere (1, 10,20) sont unestructure selection
nee dans Ie groupe comprenant une source de
lumiere monochromatique, une petite lampe afila
ment incandescent, et une diode electrolurrmes-
cente. 5

28. Dispositif selon I'une quelconque des revendica
tions precsdentes, dans lequel ledit reseau de dif
fraction de lumiere produit des rayons lumineux
convergents quandledit faisceau lumineux rencon- 10

tre ledit reseau de diffraction de lumisre.

29. Dispositif selon I'une quelconque des revendica
tions 1 a27, dans lequelledit reseau de diffraction
de lumiere produit des rayons lumineux sensible- 15

ment collimates quand ledit faisceau de lurniere
rencontre ledit reseau de diffraction de lurniere,

30. Dispositif selon I'une quelconque des revendica
tions 1 a27, dans lequelledit reseau de diffraction 20

de lurniere produit des rayons lumineux divergents
quand ledit faisceau de lumisre rencontre ledit
reseau de diffraction de lurniere,

31. Dispositif selon I'une quelconque des revendica- 25

tions precedentes, dans lequel lesdits indices de
refraction N1 et N2 sont accordss pour optimiser
I'efficacite de la diffraction de lurniere.

32. Dispositif selon la revendication 1, dans lequel des 30

rayons lumineux produits par lesdits moyens de
production de lurruere rencontrent ledit reseau de
diffraction de lurniere de sorteque Iepremier ordre
de diffraction de laditelurniere diffractee sedeplace
Ie longdudit axe optique selon un angleavec ledit 35

axe optique, qui est interieur a I'angle critique pour
leditsubstrat de transmission de lumiere etlou ledit
element optique.

33. Dispositif selon I'une quelconque des revendica- 40

tions prscedentes, dans lequel ladite region d'iIIu
mination d'objet est associee a une partie dudit
substrat de transmission de lumisre autour dudit
axeoptique.

45

34. Dispositif selon I'une quelconque des revendica
tions 1a32,dans lequelladite region d'iliumination
d'objet est associee avecune partiedudit element
optique autour duditaxeoptique.

50

35. Dispositif selon I'une quelconque des revendica
tionsprscedentes, qui comprend en outreun subs
trat de transmission de lumiere associe
fonctionnellement avecleditelement optique.

55

36. Dispositif seton I'une quelconque des revendica
tionsprscedentes, qui comprend enoutreunboitier
de type PCMCIA contenant les elements fonction-

18

nelsduditdispositif.

37. Proceds pour effectuer I'ensemble des etapes
necessaires pour fabriquer Ie dispositif tel que
revendique dans I'une quelconque des revendica
tions precedentes, Ie precede comprenant Ie fait
d'utiliser des techniques d'enregistrement hologra
phique.
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