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DIFFUSE SURFACE ILLUMINATION APPARATUS AND METHODS

BACKGROUND OF THE INVENTION — FIELD OF USE

This invention relates to the uniform illumination of
surfaces, which may be specular or irreqular, and more
particularly, to the uniform illumination of machine'readabie
codes, symbologies and the like that may be applied to such
surfaces, to facilitate imaging and decoding of ahy such

‘symbology. applied directly to.such surfaces or to media that is,

in turn, applied to such surfaces.
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BACKGROUND OF THE INVENTION - DESCRIPTION OF THE PRIOR ART

It is quite often'neCeSSary to determine the existence,
locaﬁion or characteristics of an article through automated means
for automated purﬁéses; Robotic handling of parts for proceséinq
such as machining or assembly purposes and automated sorting,
transportation, ménipulation and 6Eher handling of parts,
components, packages and the like usually requires that some form
of machine readabie'code or stbology bé applied to the article.
United States Letters Patent Number 5,567,927 patented to R.W.
Kahn on October 22, 1996 for “Apparatus For Semiconductor Wafer
Identification” and United States Letters Patent Number 5,631,456
patented to K.L. Kost on May 20, 1997 for “Reflection Control
Apparatus” are exemplary of such product marking. At times it
is convenient to apply the symbology to a media such as a
pressure sensitive label. Other times it is more de51rable and
possibly efficient to apply the symbology directly to the
article. The symbology may be a conventional bar code, a stacked

" bar code or other 2-D symbology.

Machine reading of symbology, as by a stationary or
hand-held reader or imager, requires proper illuminatioh of the
targeted symbology. This may present problems if the media
carrying the symbology is applied to an irregular or curved
surface. The problems are more pronounced if the symbology is
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applied directly to the article and the article surface is
normally specular and/or the article’s surface is irregular.

" When the symbology reader or'imager is to be hand-held
it is usually most desirable to minimize its size and weight. To
do.so while at the same time providing for uniform énd diffuéé
illumination for the symbology mayiand has created problems.

Some hand-held symbology readers, such.as that shown
and described in United States Letters Patent number 4,818,856
patented to T. Matsushima et ‘al. On April 4, 1989 for “Optical

Information Reading Apparatus”, attempt to effect reading of the
symbology with ambient light; but, since ambient light is not
always sufficient to facilitate symbology reading subh'devices'

-may be unacceptable. Other hand-held symbology readers,'such as

those shown and described in United States Letters Patent Number
5,349,172 patented to A. Roustaei on September 30,. 1994 for-
“Optical Reading Head” and in United States Letters Patent Number
5,378,883 patented on January 3, 1995 to E.P. Batterman et al fbfi'

“Omnidirectional Wide Range Hand-Held Bar Code Reader”, prov1de
their respective LED or Xenon tube illumination either dlrectly'
through a window of the reader or through lenses and then
directly through a reader window. The resulting illumination of
the symbology may thus be irregular and not diffuse and, as such,'
unacceptable. '

Other hand-held symbology readers, such as those shown
and described in United States Letters Patent Number 5,530,233
patented to M. Krichever on June 25, 1996 for “Bar-Code Scanner

With Quasi-Retroreflective Light Collection” and in United States
Letters Patent Number 5,468,949 patented on November 21, 1995 to
J. Swartz et al, for “Portable Laser Diode Scanning Head”,‘difect“

‘their respective laser sources of illumination into the hand-held

devices. However, these devices also incorporate motor driven
mirrors to scan the illumination across the symbology. Laser
illumination reflected off a specular mirror surface is neither
diffuse nor uniform and the use of mirrors and motors add
unacceptable weight and cost to the device. Other hand-held
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devices, such as those shown and descrlbed ln'Unlted'States
Letters Patent Number 5,602 376 patented to E P. Coleman on
February 11, 1997 for "Hand-Mounted Optlcal Scanner System”

e utillze laser lllumlnatlon with two. mlrrors,-one of which is
- rotated; or as shown and described in United States Letters
.:Patent NUmber 5,184,004 patented to S. Uede on February 2, 1993

for “Optical Code Reader” utlllze an lnwardly facing llght source

'and a palr of mlrrors with specular surfaces, are also

unacceptable for the lntended uses for the above reasons.
' United States Letters Patent Number 5,187, 611 patented

. on February 16, 1993 to T.P. White et al for “Diffuse. On-Ax1s
" Light Source”. Unlted States Letters Patent Number 5, 585 616

patented on December 17, 1996 to D.L. Roxby et al for “Camera For

- Capturing And Decodlng Machine-Readable Matrix Symbol Images

Applied- to Reflectlve Surfaces”' and United States Letters Patent
Number 5, 313 373 patented on May 17, 1994 to J.A.S. Bjorner et
al for “Apparatus For ‘The Unlform Illumination Of A . Surface” all

~direct thelr respectlve sources of 1llum1natlon generally towards

the target to be 1llum1nated The alleged diffuse and unlform
illumination requlres incorporation: of diffusing members whlch
unacceptably absorb 11ght and reflect some.light back '’ 1nto the

 device. lefusers, _ furthermore, add we.l.ght and cost to the

devices. Whlte et al addltlonally requlres "beam splltters, whlle

Roxby et al, must utlllze a head with a white matte finish
interior surface to dlffuse ambient light reflected ‘off the
symbology - ‘and 1nto the device towards the sensor, and Bgorner et
al must utlllze a shroud with inside surfaces that are both black
and whlte. A. Brandorff et al, in United States Letters Patent
Number 5;408,b84'patented on April 18, 1995 for “Method And
Apparatus For Illuminating And Imaging Of A Surface Using 2-D LED

Array”, also incorporates a shroud but one with a specular, thin
aluminum reflective inner surface; while Y. Sakai et al, in

‘United States Letters Patent Number 5,572, 008 patented on
- November 5, 1996 for “Optlcal Informatlon Reading Apparatus With

Concave error7 directs the laser illumination up towards a
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concave mirror then to a rotating mirrbr and then to a pattern
mirror all of which unacceptably affect their respective devices.

| United States Letters Patent Number 5,325,276 patented
to K. Sullivan on June 28, 1994 for “Lighting Bpparatus For The

Computer Imaging Of A Surface” and United States Letters Patqnt
Number 5,461,417 patented on October 24, 1995 to T.P. White et
al for “Continuous Diffuse Illumination Method And Apparatus”

respectively must utilize walls with electroluminescent panels
and a dome that is backlit by two light sources to'aécompiish
their intended target illumination. While J.B. Powers et al in’
United States Letters Patent Number 5,623,137 patented on April
22, 1997 for “Illumination Apparatus for Optical ReaderS”,'is:not'

specific as to the direction the illumination source faces but’
does utilize complex configured specular mirrors to direct the
illumination towards the symbology; and K.L. Kost et ~al,

previously mentioned, requires a circle of LED’s facing'inwéidly:
to illuminate the white walls of an upper chamber. Howevef,ﬂthe
resulting illumination must find its way through a relatively'

small opening leading from that chamber. Because of that =

relatively small opening the Kost et al device is not éﬁitable
for illuminating a symbology with diffuse light from a wlde range
of angles while retaining a small size apparatus.

SUMMARY OF THE INVENTION

It is therefore an object of this invention to prov1de
new and novel surface illumination apparatus.

It is another object of this invention to prov1de new
and novel methods of surface illumination.

It is yet another object of this 1nventlon to provide
new and novel diffuse, high eff1c1ency illumination of surfaces'
which carry machine readable coded information.

It is another object of this invention to provide new
and novel. illumination of specular and otherwise irregular
surfaces upon which there is disposed machine readable coded
symbology. |
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It is yet still another object of -this invention to
provide_ nen and; novel apparatus and methods for hand-held
illumination of macninerreadable coded symbology.’

'Itgis a further object of this invention to provide new
and novel apparatus'and methods for hand-held, -diffuse, high
efflclency, 1llum1natlon of machine readable coded symbology.

It is yet a further object of this invention to provide
new and novel apparatus and methods for hand-held illumination
of machine readable, coded symbology applled dlrectly to parts
and components.

It is yet still a further object of this 1nvention to
provide new and novel apparatus and methods for castlng or
pro;ectlng lllumlnatlon from a uniformly radiating wall upon
machine readable coded symbology.:

It is yet still a further ob]ect of this 1nventlon to

provide new and novel apparatus and ‘methods for dlrectlng an area_

"of-1llum1natlon or a wall of illumination upon parts, components

and the like to facilitate automated processing thereof.

It is yet still a further object of this invention to
provide new and 'novel apparatus and methods for':apply1ng
illumination to symbology carried by parts, components and ‘the
like to fac1lltate decodlng of the symbology.

It is yet a further object of this invention to provide
new and novel hand-held apparatus and ‘methods for .'appllj(ing
diffuse, high efficiency, uniform illumination to symbology
directly applied to'parts, components and the like to effect
decoding of the symbology.

It is yet still another object of this invention to
provide new and novel arrangements of light emitting diodes to
provide diffuse, high efficiency illumination. '

It is yet still another object of this invention to
provide new and novel arrangements of light emitting diodes for
hand-held imagers of symbology. _

Other iobjects, features and advantages of the
inventions in their methods and details of construction and
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arrangement of parts will be seen from the above, from the
following description of the preferred _embodiments when
considered with the drawings and from the appended claims.

'BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 is a schematic side elevation view, in partial
section, of a hand-held imager incorporating illumination
apparatus, which utilizes methods, and incorporates the instant
invention; _ S

FIG. 2 is a schematic front elevation view of the
imager of FIG. 1; ”

FIG. 3 is a perspective schematic of the illumination
assembly of the imager of FIGS. 1 and 2 with frontfcover'énd'
bezel, exploded to better show details thereof; o

FIG. 4 1s a side elevation sectional view of the
illuminator of the illumination assembly for the imager of FIGSL
1 and 2, with the illumination source removed to better show
details thereof; o ' _

' FIG. 5 is a front elevation view of the illuminator
of FIGS. 1, 3 and 4; |

FIG. 6 is a plan view of the illumination source for
the illuminator of FIGS. 1, 3, 4 and 5 for the hand-held imager
of FIGS. 1 and 2; |

FIG. 7 is a schematic diagram showing the distribution
of illumination upon and emanating from the illuminator of FIGS.
1, 3, 4 and 5; '

FIG. 8 1is a schematic of the illuminator and
illumination source of FIGS. 1-7 disposed in relationship to a
target;

FIG. 9 is a schematic showing of the illumination from
the illuminator of FIGS. 1 and 3—5'in relationship to a symbology
target;
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FIG. 10:is a schematic further showing the illumination
from the 1llum1nator of FIGS 1, 3-5 and 8 in relatlonshlp to the
symbology target; _ 5 .

. . FIG. 11 is a diagrammatic showing of an illumination
curve for “dark fleld” 1llum1natlon from the 1llum1nator of FIGS.
1 and 3-5; _ : :

FIG. 12 is a front elevation view of an alternate
embddiment of illuminator for the imager of FIGS. 1 ‘and 2

_1ncorporat1ng the: 1nstant 1nvention,,

. . FIG. 13 is a plan view of an alternate embodiment of
lllumlnatlon source for the lmager of FIGS. 1 and 2 1ncorporat1ng

_the instant ‘invention;

FIG., 14.1is a schematlc plan view of an alternative
embodlment illumination . source for the imager of FIGS. 1 and 2,
lncorporatlng the 1nstant 1nvent10n,__ _ '

. FIG. "15..1is yet another:-plan view of an alternative

e embodlment 1llum1natlon source for the 1mager of FIGS 1 and 2,

f.lncorporatlng the 1nstant 1nventlon,:

FIG. 16 is.a-schematic side: elevatlon view of still

_ _another embodiment: of 1llum1natlon -apparatus, 1ncorporat1ng the
_"1nstant invention,. for: use with the imager of FIGS. 1 ‘and '2;

FIG. 17 1s a schematlc front elevation view of the

1llum1natlon apparatus of FIG. 16;
FIG. 18.is a schematic side view, in partial section,

" of yet still another . ‘embodiment of illumination apparatus,
-lncorporatlng the instant 1nvent10n, for use with the 1mager of
' FIGS. 1 and 2;

FIG. 19 is a schematic front elevatlon view of the
lllumlnatlon apparatus of FIG. 18;

FIG. 20 is a schematlc side elevation view, in partial
section, of yet a further embodiment of illumination apparatus,

~incorporating the instant invention, for use with the imager of

FIGS. 1 and 2; _ _
FIG. 21 is a schematic front elevation view of the
illumination apparatus of FIG. 20;
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FIG.. 22 is a schematic plan view of yet still another
embodiment of illumination source, incorporating the instant
invention, for use with a hand-held imager similar to that of
FIGS. 1 and 2, but with a rectangular window; and

FIG. 23 is a schematic showing the illuminatioh from
and of the sources of illumination herein depicted and described,

but cast upon an illuminator with a freznel-like surface.

. DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to FIGS. 1 and'2, there is generally :
shown at 30 an imager or imaging device of the type whlch"
electronically captures images of symbology, such as Lhat of bar

- codes, stacked bar codes and 2-D (dimensional) codes or symbols,
and converts the captured image into decoded electronlc_51gnals_”,
with decoded values passed out to a data gathering épparatus."
!Such signals may be thereafter decoded and further’ processed:

and/or utilized within the 1mager and/or transmitted to SLgnal'

processing apparatus for decoding, storage and/or. use _for

accounting, inventory, material handling, manufacturing processes
or the like and/or such further processing may be acddmpiished'
in whole or in part within imager 30 or such processing
apbaratué. While a housing 32 for imager 30 has been confidured
and constructed as one for a hand-held imager it may just'és

well be mounted for stationary use or it may be otherwise

constructed and configured so that the components and éssemblies
therewithin are mounted within a stationary housing. Housing 32.
is constructed and configured to mount and enclose 1maging
components 34 within a space 36 having an opening 38 that is
closed, in whole or in part, by a window 40. An electrlcal
conduit 42 extends from an electronic package 44 (FIG 1),
through housing 32 for interconnection with 31gnal proce551ng
apparatus when signal processing and decoding is not accompllshed '
by package 44 and with associated'apparatus for supplying inpu:
power and control and other electronic signals to imager 30 when
and if required. It is also quite possible to construct imager
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30 to be battery powered without conduit 42 so that the signals
génerated therewithin from thelcaptured_imagee{ and signals to
be received by imager 30, are otherwise transmitted, as by radio
frequency, between storage and utilization apparatus and imager

Electronlc package . 44, mounted within housing 32 by
sultable and conventlonal components, in. turn mounts and includes
by way of example, .a CPU board 50 and a power board 52, as well
as other associated components, connectors,. printed circuits and
electrlcal connections. Electronlc ‘package 44 may be otherwise

components for generatlng appropriate output signals dependlng

'__ upon the 51gnals recelved from an image receiving device 60 (FIG.
_p 1) and/or otherw1se processed within imager 30. Image rece1v1ng
" device 60 includes a CCD (charge ccupled device), but may 1nstead

":utlllze a CMOos’ (complimentary metal oxide seml-conductor) or

51m11ar device for receiving an image from symbology carrled by'

an’ artlcle. A.sultable filter or filter package 62 is p051tloned

| _proxlmate 1mage rece1v1ng device 60 and together w1th device 60,
p and_other components (lenses, etc.), provide a camera englne 70
.. for imager 30. Camera engine 70 is mounted within housing 32 and

is positioned therein to receive a clear and well defined image
of symbology for further processing within imager 30.

aIt is most'important that imaging device 30 receite the.
best defined image possible. . To accomplish that ‘it is extremely
important that the symbology to be imaged not only be in focus
for imaging device 30 but also that illumination for and of ‘the
symbology be uniform and preferably diffuse over the entire area
of the symbology. . Camera englne 70 is configured and
constructed, and 1ncludes appropriate and conventional lenses,
to accompllsh focu51ng of the symbology onto image receiving
device 60. An illumination assembly 80 is mounted within housing
30 . proximate window 40 thereof to illuminate the symbology to
be lmaged
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Illumination device 80 (FIG. 1) includes an illuminator
82 (FIGS. 1-5) which is substantially cup or'bbwl shaped in
configufétion and includes a base 84 (FIGS. 1, 3, 4 and 5) and
a perimeter wall 86 extending at right angle to base 84 for a
predetermined distance “x” (FIG. 4) to terminate at a perimeter
edge 88. A plurality of first openings 90 (FIGS. 4 and 5) extend
through base 84 proximate wall 86. ' While nine such openings 90

are shown more or less openings may be utilized. ‘A central

opening 94, which extends through base 84 at the center thereof,

is preferably concentric with perimeter wall 86. When assembled
within housing 32 of imager 30 central opening 94 of illuminator

82 is aligned with the optical lenses of camera engine 70 to
permit the illuminated symbology image to be cast upon image
receiving device 60. ' _

An inner surface 100 of base 84 of illuminator 80 and
an inner surface 102 of perimeter wall 86 thereof are finished

in either smooth red or white, rough chrome, matte finish white ~~

or in any other manner so that an approximately lambertian, or

substantially lambertian, output illumination pattern is effected -

and projected out from every point on the respective surfaces

100, 102 that are illuminated, as will be hereinafter explained.

While perimeter wall 86 is shown and described as
extending from base 84 at a 90 degree angle it should be
understood that perimeter wall 86 may just as well meet base 84
at other suitable angles and that illuminator 82  may
alternatively be formed with a dish~like shape wherein the base -

and side wall curve into one another with a selected slope such

as one might find in a parabolic dish.

An illumination source 110 (FIGS. 1, 3 and 6) is
provided to cast illumination towards and upon surfaces 100 and
102 respectively of illuminator 82. An array 112 (FIGS. 1 and 6)

‘of illumination devices, such as surface mounted unlensed light

emitting diodes (LED’s) 114, are mounted to an illumination
carrier 116 (FIGS. 1, 3 and 6) which is, in turn, secured in
place within housing 32 and against beveled peripheral edge 88 -
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of illuminator 82 by conventional means and as shown in Figures
1 and 8. LED's 114 are secured to carrier 116 and positioned
thereon in array 112 so. that each LED 114 of array 112, when
illuninated, will cast substantially lambertian or focused
illumination, upon surfaces 100, 102 of illuminator 82. The

illumination 118 (FIG. 7) so cast by each LED 114 (FIGS. 1, 6 and

8) will effect an approximately lambertian output illumination

_ pattern ( maximum energy is cast forward, on axis, and decreaSLng
 amounts of energy are cast in increasingly off axis directions)

and will overlap illumination 118 of adjacent LED’s 114 asashown
in FIG. 7; except for a central space 119 so that illumination

'dbes'net_shine into the lenses of camera engine 70. Illumination

118 from LED’s 114 which, strike surface 102 of perimeter wall 86

:willibe directed back into:illuminator 82 and against surface 100

of base 84 to further enhance.and- add.- efficiency to illumination

118, Surfaces 102 may be covered with retroreflective materlal,
'_such as reflectlve materlal used for reflective traffic signs and
'llcense plates -and manufactured by- 3M, to .enhance the amount of

llght that is returned to surface 100. All the: varlous
illumlnatlon_compenents 118 together will provide an area of
'lllugination 120 (FIG. 7) which is projected from illuminator 82
and illumination device 80 towards and upon symboiogy to be
imaged, such as_a'target 130 (FIGS. 8, 9 and 10). Target 130 is

.carried by a surface 132 which may be the wall of a package or
an outer surface of a part,.component,,sub-assembly, or assembly.

Illumination carrier 116 (FIGS. 3 and 6) may have its

surface coated in selected areas with transparent conductive

material to electrically interconnect unlensed LED's 114, or
LED's 114 may otherwise be electrically interconnected by

relatively thin lines of conductive ink or wire 122 (FIG. 6).

LED’s 114 and any electrical conductors 122 wutilized to

'1nterconnect LED's 114 1nto an electrical c1rcu1t are selected

to be small enough so that any shadow of same ‘that might appear
on symbology 130 (FIGS. 8-10) will be out of focus when imager
30 is in focus with respect to a particular target 130. Thus any
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shadow image of any such wires 122 and LED’'s 114 will be
“smeared” out and not affect the image of target }30 that is cast
upon image receiving device 60. '

Imaging and decoding a 1-D or 2-D symbology requires
that the ones and zeros of the symbology be discernable for the
decoding algorithms, which, in turn, requires that proper
contrast between the ones and zeroes be obtained during'the
imaging process. Particularly when imaging a 2-d symbologY{ it
is not important whether the ones are dark or light with respect
to the zeroes; it is only important that the contrast between the
two states is sufficient for adequate separation. For éxample,
v.;rhen the symbology is printed as a black code on. a wh'ite
background or as a white code on a black background} the code
will be easily discernable in almost any illumination if the code

and the background are both surfaces having a matte reflectivity.
- The matte surfaces ensure that regardless of the direction'fkom '
‘which they are illuminated, the light reflected from them will

be smoothly distributed over a wide angular distribution and so
will provide adequate illumination into the camera lens. This
situation is usually achieved when the symbologies are printed
on. labels that are affixed to parts or components. Howéver,'
labels are easily tampered with and often fragile compared to the

parts or components to which they are attached. Therefore, it

is often advantageous to mark the symbology directly on the parts

or components. Unfortunately, parts and components often have
specular (mirror like) surfaces which do not distribute the light
uniformily over a wide angular distribution but rather redirect
the light rays such that the angle of reflection is exactly equal
to the angle of incidence. If the illumination comes from a small
source (a source having a small-angular extent as viewed'ffom the
specular surface being illuminated) it is highly likely that the
light reflected from the surface will miss the camera lens and
so the surface will appear to be “black”. Conversely, if the
small light source is positioned such that the angle of
reflection directs the light rays from the source directly into
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the camera lens.the light rays may be overwhelmingly bright and
so make the surface appear to be “whlte”;.Thus, we have an

'intolerable 51tuat10n because the surface may appear to be either

“black” or “white” accordlng to very small changes in the exact
angular relationship between the specular surface being imaged,

" the light source, and the camera lens. This situation is
”espec1ally deleterious when the symbology being imaged is on a

surface that is s;multaneously specular and curved so that some
portions appear to be bright and other portions appear to be
dark The illumination'system of the instant invention corrects
thls situation by prov1d1ng a light source that provides a known
and relatlvely constant illumination over a wide range of angles

lwhen 1llum1nat1ng close up (1.5 inches to 4 inches) symbologles.
o ' The pr1nc1ple of. the 1llum1natlon is shown in FIGS. 9, 10 and 11.
T R

: - Diffuse ..-illumination projected from- lllumlnator
surfaces 100, 102,:w1ll ‘evenly illuminate “substantlally all

“points” .on symbology 130. (FIGS. 8-10)- over  a wide range of

'angles. -Such illumination -is wuseful. -both when 1llum1nat1ng
_'specular and matte. surfaces. When the-:relationship is ‘as’ shown
_illn FIG. 10 with the object 130 ‘perpendicular to the camera axis
_'"none of the llght rays :from the illuminator that strike surface
) '130 w1ll enter the. camera -lens if the surface is specular. It can
' 1hbe seen that light from any point on.the illuminator surface 100

or 102 will bounce off of the mirror like surface and mlss the

':lens. Thls occurs because the angle of reflection will always

equal the angle. of 1nc1dence and so direct 1light leaving any

'portlon of the lllumlnator 100 or 102 back onto the symmetrlcally
_opp051te portion of the illuminator. Of course, if the surface
_130 were matte, the light impinging on surface 130 would -be re-

radlated over a wide range .of angles and so light energy would
entér the camera lens. A map showing the rough distribution of
light being received at a central point A on surface 130, versus
angle of arrival is shown in FIG. 11. Note that the distribution
is smooth over a'Wide'anglé except for a null, B in FIG. 11,
corresponding to the fact that little or no light is emitted from
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the region of the central hele 94. The arrangement shown in FIG.
10 is ideal for imaging a specular part tpgt has a matte
symbology located on it. In this arrangement, the specular
background will appear to be “black” and the “one” regions of the
éymbology, which.may for instance be formed by data cells painted
matte white will stand out as bright against the dark backgroﬁnd.
The matte “one” data cells may also be made of any other
irregularity or disturbance of the specular surface (which -
reflects light over a wide range of angles) as may be formed by 3
laser marking or peening with a tool. Of course, the codes'may'
also be formed by marking so that the disturbed or “bright” areas
are considered to be a “zero” and the black background formed By?"
the specular surface may be considered to be the “ones”. The
foregoing illumination setup is known as “dark fieid”
illumination because the specular background appears to'be'dark{

If a specular surface such as 130 in FIG. 10 is tilted
slightly, in any direction from the position shown, say about 10
degrees, light from portions of the illuminator surfaces 100 and |
102 will now be reflected directly into the camera lens so that
the surface 130 will appear to be bright to the imager. The
surface brightness as seen by the camera will appear to be
approximately equal to the brightness -of the illuminator. Any"
matte markings on the surface caused by a dark paint or:peening
or laser marking will now appear to be “dark” compared to the
background. This will occur because the light directly reflected
from the specular surface 130 will appear to be much brighter
than the light that is scattered (only a small portion entering
the camera lens) from the disturbance that may be used to define
either a “one” or a “zero” portion of a symbology. When used off
axis the illuminator provides a “bright field” illumination
because the specular surface background appears to be brightér
than the objects contained within. : '

It should be noted that the disposition of illumination
carrier 116 positions array 112 of LED’s 114 relatively close to
illuminator base 84 thus allowing for a relatively thinner
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illumination component for imager 30 and 'a relatively more
compact and efficient 1mager 30 then the prior art dev1ces whlch
utilize diffusers.

" LED's 114 are selected to- prov1de illumination in

. appropriate color and with an illumination potential appropriate

for the targets to be illuminated by imager 30. To fac1lltate the

.. approximately lambertian and wide range output of LED’s 114 only
- unlensed LED’s are utilized. The usual light reflector’s, and
covers provided for most LED’s.are not required for illumihation
-source '110. LED's 114 are arranged on carrier 116 with twelve
. LED’s 114 in .an outer circle and six LED’s 114 in an ihner
_circle. A first circuit. 140 (FIG. 6) of nine LED’s 114 (six’ from

the outer circle and three from the.inner circle) and conductors
122 terminates at connectors 142; while a second similar ciréﬁit
146 of nine LED's 114 and conuctors 122 terminates at connectors
148,.Circuits.i40_and;l46“may be activated separately, together
or, in sequence as described. from suitable appropriate and
conventional sources. Such illumination -circuits may also be

.energlzed at various selected intensities and for selected time
. intervals to. provide a desired brightness level ‘and duration of

+~illumination.

..Illumlnator 82 and illumination source 110" prov1de a

_ “dark field” illumination device 80 for imager 30. Targets in a

range ‘up to .approximately four (4) inches from imager 30 o
kspecifically_l.s inches to 4 inches; i.e. from “A” to “B” - FIG.
8) ‘are considered to be in a “dark field” and best illuminated

by diffuse illumination device 80. Illumination device 80 may

also_be.utilized for targets in a mid-range (i.e. between “B” and
"C” of FIG. 8); but illumination from device 80 when utilized for
the mid-range may be supplemented by or replaced with,
illﬁmination from a “bright field” illumination device 160 (FIGS.
1-3 and 8) to be hereinafter described in greater detail. Targets
disposed at distances greater than 8 inches (from “C” towards “D”
- FIG. 8) are usually sﬁfficiently.illuminated by “bright field”
illumination device 160; however, ™“dark field” illumination
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device 80 may still be utilized if additional illumination is
required. | _ )

_ ' A.pluraiity of “bright field” illumination devices 162
(FIGS. 1-3 and 8), which preferably comprise conventibnal lensed
LED’s, are carried by a “bright field” illumination carrier 164
and together therewith comprise a “bright field” illumination
source 166. LED’s 162 extend out from their carrier 164 and aie'
disposed in a circle proximate the periphery of carrier 164 and
through openings 90 (FIG. 4) of illuminator 82. An enlarged
opening 168 (FIG. 3) is formed through carrier 164 and positioned
so that when carrier 164 is disposed within housing 32 thé'dptiés
of camera engine 70, and image receiving device 60, Wiil be

‘aligned with, and have an unobstructed disposition with respect

to, central opening 94 of illuminator 82, and central areid 136

(FIGS. 2 and 6) of “dark field” illumination carrier 116.

Suitable, conventional and appropriate electrical conductors (noﬁ
shown) are provided to carrier 164 and LED’s 162 and interconnect
LED’s 162 to an appropriate source of electrical power and
controls so that the brightness level and duration of
illunination of LED’s 162. may be suitably and seledtivél?'
controlled. The nine LED'’s 162 shown for bright"field
illumination device 160 are exemplary and either less or more
LED’s 162 may be utilized. Alternatively other suitable and
appropriate illumination devices may be utilized in place of
LED's 162 for bright field illumination device 160.

“Bright field” illumination device 160 and “dark field”
illumination device 80 are respectively assembled into'housing
32 and secured in position within housing 32 between Camera
engine 70 and window 40 of housing 32. The disposition of devices
160 and 80 within housing 32 is such as to establish a line of
sight 180 (FIGS. 1 and 8) from target 130 (FIG. 8) through a
central area of window 40, dark field carrier 116, central.
opening 94 of illuminator 82; the lenses of camera engine 70 and
onto CCD image receiving device 60. Since “dark field”
illumination carrier 116 is transparent and may serve to protect -
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mechanlsms w1th1n housing 32 .from the entry- thereinto of dirt,
dust, liquid and other unacceptable matter window 40 may either
comprise just an opening or a transparent cover of glass, plastic
or the like. A bezel 182 (FIGS. 1 and 3) and a front cover 184
(FIGS. 1-3) close off the front of housing 32. '
'When “bright field” illumination device 160 is properly
inStalled within housing 32 LED illumination devices 162 are
disposed to direct their illumination forward (in the direction

- of arrow F --FIGS. 1 and 8) of housing 32 as explained in greater
'detail earlier in the ‘description. When “dark field” illumination

device 80 is properly installed within housing 32 LED
illumination devices 114 are disposed to direct their

‘illumination rearward (in the direction of ‘arrow R - FIGS. 1 and

8).. of housing 32 as explalned in greater detall earlier in this

“An alternatlve embodimént - and: constructlon of an

-illuminator 200 1s shown in FIG. 12 and an illumination source
=;_202 for cooperatlon with illuminator 200 is’ shown in FIG. 13.
Illumlnator 200 is’ also dish shaped (like illuminator 82 of FIG.

4)° and includes a base 204 (FIG. 12) and side walls 206 with
surfaceS'ZOS,:210'fespectively that are finished like' surfaces
100, 102 of illuminator 82 described earlier in this description.
Illuminator 200 also includes openings 212, sized, disposed and
for the same'purpbse'és openings 90 of illuminator 82 (i.e; for
“bright field”:illumination LED's (not shown). A central opening

214, provided through base 204 of illuminator 200, is positioned

the same as and for the same purpose as central opening 94 of

illuminator 82. Elongated openings 216 are aligned with and
provide openings for spotter or locating beams (not shown) which
may, for example, comprise sources of laser illumination (not
shown) which, when activated, generate-a user observable spotter
line across tafget 130. When the observable spotter line is not
only on target but is also substantially the width of target 130
it indicates to the user of imager 30 that they are within the
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field of view for imager 30 and can continue operation of imager
30 to focus on and image target 130. o
" A plurality of unlensed LED's 230, carried by an

. illumination carrier 231, are provided as illumination devices

for illumination source 202. Electrical conductors such as
conductive strips, ink or wires 232 interconnect LED’s 230 into
either a first circuit 233 which terminates at connectors 234:
while similar electrical conductors 235 interconnect LED’s 230
into a second circuit 236 which terminates at connectdrs 237.
Illumination source 202, carrier 231, LED’s 230 and wires 232,235
are assembled and function as described for illumination source'
110, carrier 116, LED’s 114 and conductive wires 122 of
illumination source 110 (FIGS. 1-8). Illumination source 202

_furthermore is to be disposed proximate illuminator 200 and to

cooperate therewith to prov1de highly diffuse light as descrlbed

‘above for 1llum1nat10n device 80 (FIGS. 1-8).

Figures 14 and 15 show alternative illumination sources
240, 242 for an imager such as imager 30 and which 1ncorporate
the instant invention. Illumination sources 240, 242 are 51zed

.and configured for co-action with an illuminator such as

illuminator 80 of the embodlment of FIGS. 1-8 or the illuminator
200 of the embodiment of FIG. 12. Each illumination sou:ce 240,
242 includes a plurality of illumination devices 244, 246
respectively, which preferably are unlensed LED’s suth' as
unlensed LED’s 114 (FIG. 6)and unlensed LED’s 230 (FIG. 10).
Carriers 248, 250 respectively are fabricated from.clear and
transmissive (to the emitted LED wavelengths) material such as
glass, plastic, etc., and may either be provided with
electrically conductive but transparent conductors to'unlensed
LED’s 244, 246 respectively or suitably conductive but rélativeiy
thin electrical conductors such as those shown and described at
122 (FIG. 6) and 232 (FIG. 13). Such conductors for LED’s 244,
246 are also electrically connected to a source of electric powei
and to a suitable control to arrange LED’s 244, 246 in either a
single or plural selected circuits and to control the brightness
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and duration of illumination' from sources 240, 242. The

'dlfferences between illumination sources 240, 242 are that source

240 includes eight LED's 244 in ah outer c1rcle and four LED’s

in an inner c1rcle, while source 242 includes ten LED’s 246 in
an outer circle and five LED'’s 246 in an inner circle. The
illumination patterns ptovided by cooperation of illumination
sources 240 and 242 with illuminators such as 82 (FIGS. 4 and 5)
and 200 (FIG. 12) will be approximately or -substantially
lambertian and overlapping such as that shown in FIG. 7 and will

-provide’ dlffuse target illumination such as 120 of . the . embodiment
-of FIGS 1-8. e '

Another alternatlvef configuration of illumination |

_devzce 260, lncorporatlng the instant invention and for use with

an ;mager such as imager 30, .is shown in Figures 16 and 17. A
plurality of unlensed LED's 262 (similar to the unlensed LED’s

. described for previously described embodiments) are disposed on

spokes 264 each secured proximate one end to a'centrally disposed
tube 266 and at their other ends to peripheral wall 268 of an

- illuminator 270. Spokes 264 may either be themselves coated with
.an electrically conductive material or'substance to electrically

interconnect LED’s 262 or-they'may-carry'suitable'electrically

conductive strips or' wires (not .shown). LED's 262 are,

electrically interconnected into one or more circuits and to
suitableiﬁower and contrels to effect the brightness and duration
of illumination thereof. ' '

LED’s 262 are dlsposed to. illuminate surface 272, 274

_of illuminator 270 to provide efficient and diffuse “dark field”

illumination in the direction of arrow F (FIG. 16} as described
for the hereinabove'previously described embodiments. Surface 274
casts light from LED’s 262 to surface 272 from where it is
reradiated outwardly to illumihate the symbology. The efficiency
of surfacee 272, 274 is increased where they are slightly
specular and emooth. Central tube 266 is to be aligned with the
lenses of the camera engine and CCD image receiving device as
described for the hereinabove described embodiments. -
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. 8till another alternative configuration of illumination
device 280, incorporating the instant'invention_qnd:fpr use with
an imagei such as imager 30, is shown in Figures 18 and 19. A
plurality of “dark field” unlensed LED’'s 282, are electrically
interconnected and disposed in an array on a face 283 of an
illumination carrier 284 which is a transparent disc of glass,
plastic or the like. Illumination provided by LED’s 282 coacts
with surfaces 285, 286 of an illuminator 288 to provide
efficient, diffuse illumination in the direction of arrow F'(FIG.
18) as described for the hereinabove illuminator embodiments. =

surfaces 285, 286 are finished in either smooth red or
white, rough chrome or matte finish red or white as described for -
the previously described illuminators and the cooperating LED's"
282 provide a lambertian illumination for surfaces 285, 286.

. An array of “bright field” LED’s 290 are electrically
connected together and disposed on a face 292 of illumination
carrier 284, preferably in alignment with “dark field” unlensed
LED’s 282. A centrally disposed tube 294 extends through a réér
wall of illuminator 288 to provide an open passage for light

-reflected off a target {not shown) and to the'camera'éngiﬁe

lenses and CCD image receiving device (not shown) such as those
described above for the previously described embodiments. S
A still further configuration and embodiment of
illumination device 300, incorporating the instant invention and
for use with an imager such as imager 30 is shown in Figures 20
and 21. A plurality of unlensed LED's 302 are carried'by a
peripheral ring 304 either carried by or disposed proximate 'a
window- 306 of transparent glass, plastic or the like. LEﬁ’s 302
are electrically interconnected and conventionally electrically
connected to a suitable source of electrical power and cbntrols
to control the amount and duration of illumination provided by
LED's 302. If desired, ring 304 may be either électrically
conductive or coated with an electrically conductive substance.
"LED's 302 cast their illumination, in .lambertian
patterns towards and upon a surface 310 (FIG. 20) of an
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1llum1nator 312 whlch, in turn, projects efficient and hlghly
dlffuse dark field 111um1natlon in the direction of arrow F (FIG.
20) . Surface 310 is finished in smooth red .or white, rough chrome

or matte finish white as described for the prev1ously descrlbed

illumination devices.
A centrally disposed tube 314 provides an open passage

: for light reflected from the target to be imaged (not shown) to

the CCD or other image receiving device. A plurality of “brlght
field” illumination LED’s 316 (FIGS. 20 and 21) are disposed
about  tube 314 to project their illumination in the direction of

:'and to a source of power and control for the amount and duratlon

of 1llum1natlon to be provided by LED’s 316. .
Figure "22 .shows still. another = embodiment and

_conflguratlon of 1llum1natlon source 320 for use with an 1mager,
3such as imager 30, but one having a genérally rectangular openlng
or w1ndow for its housing. A plurality of unlensed LED's 322 are
j_Q1spo§ed in a genérally rectangular array on a carrier 324 of
. clear glass, plaStic or-the like. “LED’s 322 are electrically

interconnected'td each: other and to a suitable and conventional
source of power and to controls for controlling the amount of

_lllumlnatlon and duration of illumination to be provided by same.

The electrlcal connectlon provides one or more circuits with
LED’s_provrdlng lambertian illumination as described above. LED's

- 322 are not disposed on carrier 324 proximate a central portion
326 thereof to permit light reflected from targets (not shown)

to pass through illumination carrier 324.

In Figure 23 there is 'shown an alternatlve
conflguratlon 340 for the base of the illuminators described in
prevlous passages of this description. A fresnel-like surface 342
is provided for'base 340 to direct the diffuse illumination
towards a target, such as target 344. Fresnel surface 342 is
finished in smooth red or white, rough chrome or matte finish
white to provide an efficient and diffuse illumination for target
314.
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In all of the embodiments of the illumination device
it should be understood that although the color of the LED light
sources has been referred to as “red” the illumination device
could have been equally well manufactured using LED’s of yellow,
green or other color light output if thé reflecting surface of
the illuminator are white, chromed or of the same-color as the
LED source.

_ From the above description it will thus be seen that
there has been provided new and improved devices for generating
and projecting diffuse and highly efficient illumination from an
imager, hand-held or otherwise, and accordingly new and improved
imagers for capturing symbologies for interpretation and
decoding. While hand-held imagers have generally been described -
it will be understood that the illumination devices, hereinabove
described, may just as easily be utilized with stationary
disposed imagers. ' A

It is understood that although there has been shown and
described preferred embodiments of the invention that various
modifications may be made in details thereof without departing
fronm the spirit as comprehended by the following'claims.
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WHAT IS CLAIMED IS:

1{'A-diffuse_i;luﬁinagion apparatus; preferably to
illuminate a target'for_elgct:opic_imaging.thereof; comprising:
: “. . ;(af illuminator means for projecting diffuse
' illuﬁination in  a. predetermlned ~configuration and in a
”'predetermlned dlrectlon,
: - (b) 1llum1nat10n means for casting 1llum1nat10n
' upon said 1llum1nator means,' _ .
_ - {c) at least .a portion of a surface of 'said
llluminator means, when 1llum1natlon from said 1llum1natlon means
: lS cast thereupon, projecting said diffuse illumination in said

predetermlned direction.

2 The 111um1natlon apparatus of claim 1 wherein said
1llum1nator means 1s substantially bowl-shaped with a bottom wall
‘and a peripheral  side wall_extendlng from .and encircling said’

:g.botfom wall,. an'inﬁer'surface of Said bottom wall and an inner

'f_surface of said perlpheral side wall having a dlffus1ng finish
.'applled thereto to prov1de saidrdiffuse illumination. -

. 3. The illumination apparatus of claim 2 wherein said
'dlffu51ng finish may be either matte white, smooth red or white
or rough chrome.

_ 4. The illumination apparatus of claim 3 wherein said
' 1llum1nat10n means includes a predetermined illumination
emitting means carried by an illumination carrier disposed in
__proximity to and for cooperation with said illuminator means and
~ so that said illumination emitting means are disposed to face and
cast their respective illumination upon said diffusing finish of
~said bottom wall surface and side wall surface of said
illuminator means.
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5. The iiiumination apparatus of;ciaim 4 wherein said
illumination emitting means icludes an arfay of_LED,s.

6. The illumination apparatus of claim 5 wherein each
LED is an unlensed LED and casts approximately lambertian
illumination upon said illuminator means.

7. The illumination apparatus of claim 6 including
electrical conductor means interconnecting said unlensed LED’s
into at least one electrical circuit. ' '

8. The illumination apparatus of claim 7 wherein said
electrical conductor means is applied to a surface of said
~illumination carrier.

9. The illumination apparatus of claim 8 whereln said
electrical conductor means interconnects said unlensed LED’s into
at least two separate electrical circuits and wherein each such
electrical circuit terminates in connectors for electrically
connecting same to a source of electrical power and to control
means for determining the brightness and duration of illuminétioh R
of said illumination emitting means. :

10. The illumination apparatus of claim 9 wherein said
illumination emitting means and said illuminator meéns are
disposed for coaction so that diffuse illumination projected from
said illuminator means passes through said illuminatioh carrief
and about -said illumination emitting means and electrical
conductor means. ; |

11. The illumination apparatus of claim 10 wherein said
unlensed LED’s and said electrical conductor means are sized and
disposed so that when said diffuse illumination is projected from
said illuminator, through said illumination carrier, shadows of

—-‘_’_’_’__’__—_—— .o
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- said unlensed LED's and electrical conductor means appear smeared
"out in relation to a target when brought into focus to be imaged.

12. The illumination apparatus of claim 4 wherein said

illuminator means and sa;deillqmination-means are sized and

'c0nfigured to be_disposed.in_an electronic . imager between an

electronic image receiving device_thereof and a front opening

thereinto and so that light from images, reflected off a target

" to be imaged, passes along a predetermined image path through ‘the
_111um1nat10n .apparatus.

. . 13. The 1llum1natlon apparatus of claim 12 wherein said
i lllumlnator means lncludes an. opening extending through a bottom
'_wall thereof disposed in allgnment with said: predetermined 1mage
ppath and wherein said array of 111um1natlon emitting means is
) conflgured to provide a clear space through said illum:.natlon

pcarrler for said predetermlned 1mage path.

. _ -14. The 1llum1natlon apparatus of claim 11 wherein
'.there are twelve. unlensed LED's spaced .about 'a  first circle
carrled by sa1d 1llumanat10n carrier and six unlensed LED’s
-'spaced about a second -concentric circle carried by sald
illumination carrier and which 1s relatlvely smaller than sald”

__flrst circle of unlensed LED's.

15. The illuminatiqn apparatus of claim 11 wherein
there are eight unlensed LED’s spaced about a first circle
carried by said illumination“carrier and four_unlensed-LED's
spaced about a second concentric circle carried by said
illumination carrier and.which is relatively smaller than said
first circle of unlensed LED's.

_ 16. The 1llum1natlon .apparatus of claim 11 wherein
there are ten unlensed LED’s spaced about a first circle carried
by said 1llum1nat10n_carr1er and five unlensed LED's spaced about

-
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a second concentric circle carried by saia”iilumination carrier
and 'whlch is relatively smaller than said first circle of .
unlensed LED’s

_ 17. The illumination apparatus of claim 4 wherein said
illumination carrier includes a number of spoke-like ribs upon
which said illumination emitting means are disposed.

18. The illumination apparatus of claim 4 wherein said
illumination carrier includes a circular periphery and said
illumination emitting means are carried by a circular ring
~disposed proximate said circular periphery.

19. The illumination apparatus of claim 4 whereln said
illumination emitting means comprises a dark field 111um1natlon
means and said illumination apparatus further 1ncludes a brlght
field illumination means including additional illumination
emitting means which direct their illumination from said
illumination carrier towards a target to be illuminated.'

20. The illumination apparatus of claim 4 wherein said
illumination emitting means comprises a dark field illuminétioh
means and said illumination apparatus further includes a bright
field illumination means which directs its illumination from said
illuminator means through said illumination carrier.

21. The illumination apparatus of claim 4 wherein said
illumination carrier is substantially circular and of clear
material. | |

22. The illumination apparatus of claim 4 wherein said
illumination carrier_is rectangular and of clear material.

S —
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23. The 111um1nat10n apparatus of claim 4 wherein said

"bottom surface of sa1d lllumlnator means has a freznel-like

surface configuratlon facing - towards said 1llum1natlon carrier.

_ 24. A method: of : providing diffuse illumination,
preferably to illuminate a target for electronic imaging thereof;
‘comprising: _ _
(a) arranging a plurality of illumination emitting
dev1ces into an array and so that each such device, when
energlzed, will cast its illumination in a predetermined
! direction; | . _ . : o '
| (b) providing an illuminator with at least a first
.diffusing surface and-positioning said illuminator so that said
__light diffusing surface receives . illumination from said
-1llum1natlon emlttlng devices and projects diffuse light along
a predetermlned 1ight path and in a second predetermlned
__dlrectlon opp051te ‘to said first predetermined dlrectlon and to
be toward where a target mlght be positioned for 1mag1ng,

25. The méthod.of claim 24 wherein said predetermined
light path extends through said array of illumination emitting

devices.

26. The method of claim 25 including selecting said
illumination emitting devices of a predetermined size and
electrically interconnectin§ said illumination emitting devices
with electrical conductors of predetermined size and matetial and
positioning said illumination eﬁitting_devices-and electrical
conductors to minimize shadows dpon a target and/or sé that
shadows thereof on a target will be out of focus and appear to
be smeared when 1maged.

27. The method of claim 26 including utilizing unlensed
LED’s without light directing components for said illumination

A e s e moes
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28. The method of claim 27 including utilizing nine
unlensed LED’s in a first circuit and nine un;gnsed,LEDfs in a
second circuit for said illumination devices array.

29. The method of claim 28 including selecting and
positioning each said unlensed LED to provide lambertian
illumination.

30. The method of claim 24 including positioning said '
array of illumination emitting devices onto a clear illumination
carrier.

31. The method of claim 24 including utilizing said
array of illumination - emitting devices for dark ‘field
illumlnatlon and providing a second array of lllumlnatlon'
emitting devices for bright field illumination.

32. The method of claim 31 including p031tlon1ng said
second array of illumination emitting devices to cast their
illumination in a second predetermined direction opposite to that'
of said first ptedetermined direction of said array of
illumination emitting devices. S

33. The method of claim 24 including positioning said
illuminator and said plurality of illumination emittlng dev1ces
so that light reflected from a target will pass through sa1d
illuminator and illumination emitting devices.

- . 34. The method of claim 33 including forming said
illuminator with an opening and forming said arréy of
illumination emitting devices with a spacing so that light
reflected from a target may be transmitted therethrough.

35. An imager for electronically capturing and decod;ng
data carrying symbology; comprising:

-—_—
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(a) housing means;

(b) ¢CD image.receiving means disposed within said
housing means; z | _ | -
' (c) camera engine means disposed within said

housing means to capture_an_image of symbology and present same
to said CCD image réCeiving-means;.and
(d) illumination apparatus including:

_ (i) illuminator means for projecting diffuse
'illhmination in a predetefmined configuration and in a
predetermlned direction; . .

(11) 1llum1nat10n means for casting illumi-
nation upon said illuminator means;
' (iii) at least a portion of a surface of said
‘illuminator means, when illumination from said illumination means
is cast thereupon, proﬂecting said diffuse illumination ‘in said

predetermined direction..

36. The imager of claim 35 wherein said illuminator
=me'_z;_'u';s.issubstaxjtia__»il;-y-bowl—shape.d-with a- bottom wall and a
'éeripheral side.Wall-éxtendinggfrgmaand encircling said bottom
wall, an inner surface of'said bdttom wall and an innerhsurface
of said perlpheral side wall having a diffusing finish applied
thereto to provide diffuse illumination.

37. The 1mager of claim 36 wherein said dlffu51ng
flnlsh may be either matte white, smooth red or white or rough
chrome.

38. The imager of claim 37 wherein said illumination
means includes a predetermined érray of lambertian illumination
emitting means carried by an illumination carrier disposed in
proximity to and for cooperation with said illuminator means and
so that said iiluminationlemitting means are disposed to face and
cast their respective lambertian illumination upon said diffusing

(.
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finish of said bottom wall surface and sidé wall surface of said
illuminator.

39. The imager 'of claim 38 wherein each said
illumination emitting means is an LED.

~ 40. The imager of claim 39 wherein each LED is an
unlensed LED. '

41. The imager of <claim 40 including electrical
conductor means interconnecting sald unlensed LED’s into at least
one electrical circuit.

42. The imager of claim 41 wherein said electrlcal
,conductor means is applied to a surface of sald 1llum1natlon
carrier.

43. The imager of claim 42 wherein said electricall.
conductor means interconnects said unlensed LED’s into at least
two separate electrical circuits and wherein each such electrical'
circuit terminates in connectors for electrically conneCtingUSAme"
to a source of electrical power and to control means fbf

determining the brightness and duration of illumination-of said o

illumination emitting means.

44. The imager of claim 43 wherein said illumination
emitting means and said illuminator means are disposed for co-
action so that diffuse illumination projected from 'said
illuminator means passes through said illumination carriér'and
about said illumination emitting means and electrical conductor
means.

45, The imager of claim 44 wherein said unlensed LED’s
and said electrical conductor means are sized and disposed so
that when said diffuse illumination is projected from said
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illuminator through said illumination carrier shadows of said

‘unlensed LED’s and electrical_conductor means appear smeared out

in relation to a te;get when brought into focus to be imaged.

46..The,imager of claim 38 wherein said illuminater

~means and. said illumination means are sized and configured to be

disposed in the imegef between said CCD image receiving means
thereof and a front opening thereinto and so that images
reflected off a target to be imaged pass along a predetermined.
image path through the illumination apparatus.

_47. The imager of claim 46 wherein said illuminator
means includes an opening extending through a bottom wall thereof
disposed in alignment with said predetermined image path and

‘wherein said arrayeqt-illuminationgemitting-means is configured

'Eorﬁfovideia-clear.space through said illumination carrier for

said predetermined image path.

- 48. The imager;of;claim_45awherein there are twelve
unlensed LED’s spaced about a first circle carried by said

illumination cariie:;and,six unlensed.  LED's spaced about a sedond '

eoncentric circle carried,by said illumination carrier and which
is relatively smaller than said first circle of unlensed LED’s.

49. The imager of claim 45 wherein there are eight
unlensed LED's spaced about a first circle carried by said
illumination carrier and four unlensed LED’s spaced about a

second concentric circle carried by said illumination carrier and

which is relatively'smaller than said first circle of unlensed
LED's. .

50. The imager of claim 45 wherein there are ten
unlensed LED’s spaced about a first circle carried by said
illumination carrier and five unlensed LED’s spaced about a
second concentric circle carried by said illumination carrier and

IO
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which is relativéiﬁ'smaller than said fi% E circle of unlensed
LED’s.

51. The imager of claim 38 wherein said illumination
carrier includes a number of spoke like ribs upon which said
111um1natlon enitting means are disposed.

52. The imager of claim 38 wherein said illumination
carrier includes a circular'periphery'and said illuminetidn
emitting means are disposed in a c1rcular ring dlsposed proxlmate_
said circular periphery.

.53. The imager of claim 38 wherein said illumination
emitting means comprises a dark field illumination means and said
illumination apparatus further includes a brlght fleld'
illumination means including additional illumination emlttlng
means which dlrect their illumination from said lllumlnation
carrier towards where a target would be disposed to be'
illuminated. S

54. The imaéer of claim 38 wherein said illumination
emitting means comprises a dark field illumination means and”said
illumination apparatus further includes a bright field
illumination means which directs its illumination from said
illuminator means through said illumination carrier.

55. The imager of claim 38 wherein said illumination
carrier is substantially circular and of clear material.

56. The imager of claim 38 wherein sald illunination
carrier is rectangular and of clear material.

57. The imager of claim 38 wherein said bottom surface.
of said illuminator means has a freznel-like surface
configuration facing towards said illumination carrier.
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