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OPTICAL SYSTEMAND METHOD OF MAKING 
SAME 

RELATED APPLICATION 

0001. This application is related to U.S. patent applica 
tion Ser. No. 09/900,218, which was filed Jul. 6, 2001, and 
entitled IMAGING SYSTEM AND METHODOLOGY 
EMPLOYING RECIPROCAL SPACE OPTICALDESIGN. 

TECHNICAL FIELD 

0002 The present invention relates generally to image 
and optical Systems, and more particularly to an optical 
System and to a method of making Same. 

BACKGROUND OF THE INVENTION 

0.003 Optical technologies and sciences have evolved 
from ancient observations and understandings of the nature 
of light to the manner in which light can be manipulated via 
one or more optical devices, Such as through a lens or a 
combination of lenses. One characteristic usually important 
in optical technologies relates to resolution of an object. 
Resolution can be defined as the ability of an optical device 
to distinguish between Small objects. In most conventional 
lens and imaging Systems, resolution generally depends on 
a numerical aperture of a lens. 

0004. The numerical aperture is a parameter of a lens 
objective corresponding to its ability to gather light and 
resolve fine Specimen detail at a fixed object distance. The 
numerical aperture is functionally related to the index of 
refraction of the imaging medium. For example, air has a 
refractive index of about 1.0. Thus, the refractive index of 
the imaging medium is a limiting factor in achieving 
numerical apertures greater than 1.0. Therefore, in order to 
obtain higher working numerical apertures, and, in turn, 
improved resolution, the refractive index of the medium 
between the front lens of the objective and the Specimen can 
be increased to above 1.0 (e.g., to about 1.5). In order to 
increase the numerical aperture, oil immersion techniques 
have been developed, which require a physical image 
medium (e.g., water, glycerin, immersion oil, etc.) other than 
a. 

SUMMARY OF THE INVENTION 

0005 The following presents a simplified summary of the 
invention in order to provide a basic understanding of Some 
aspects of the invention. This Summary is not an extensive 
overview of the invention. It is intended to neither identify 
key or critical elements of the invention nor delineate the 
Scope of the invention. Its Sole purpose is to present Some 
concepts of the invention in a simplified form as a prelude 
to the more detailed description that is presented later. 

0006. One aspect of the present invention relates to an 
optical System that includes an optical Sensor having an 
array of light receptors having a pixel pitch. A lens optically 
asSociated with the optical Sensor is configured with optical 
parameters functionally related to the pitch and a desired 
resolution of the optical System. As a result, the lens is 
operative to Substantially map a portion of an object having 
the desired resolution along the optical path to an associated 
one of the light receptorS. 
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0007 Another aspect of the present invention relates to a 
method of designing an optical System. The method includes 
Selecting a Sensor with a plurality of light receptors having 
a pixel pitch. A desired minimum spot size resolution is 
Selected for the System and a lens configured with optical 
parameters based on the pixel pitch and the desired mini 
mum spot size is provided So as to map the plurality of light 
receptors to part of the image according to the desired 
resolution. 

0008. The following description and the annexed draw 
ings Set forth in detail certain illustrative aspects of the 
invention. These aspects are indicative, however, of but a 
few of the various ways in which the principles of the 
invention may be employed and the present invention is 
intended to include all Such aspects and their equivalents. 
Other advantages and novel features of the invention will 
become apparent from the following detailed description of 
the invention when considered in conjunction with the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a schematic block diagram illustrating an 
optical System in accordance with an aspect of the present 
invention. 

0010 FIG. 2 is a graph illustrating sensor matching 
considerations in accordance with an aspect of the present 
invention. 

0011 FIG. 3 is a flow diagram illustrating an imaging 
methodology in accordance with an aspect of the present 
invention. 

0012 FIG. 4 is a chart illustrating exemplary perfor 
mance Specifications in accordance with an aspect of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0013 FIG. 1 illustrates an optical system 10 in accor 
dance with an aspect of the present invention. The system 10 
includes a Sensor 12 having a plurality of receptorS or Sensor 
pixels 14. For example, the sensor 12 is an M by Narray of 
Sensor pixels 14, having M rows and N columns (e.g., 
640x480, 512x512, 1024x1280, etc.), M and N being inte 
gerS respectively. Although a rectangular Sensor 12 having 
generally Square pixels is depicted, it is to be understood and 
appreciated that the Sensor can be Substantially any shape 
(e.g., circular, elliptical, hexagonal, rectangular, etc.). It is to 
be further appreciated that respective pixels 14 within the 
array can also be Substantially any shape or size in accor 
dance with an aspect of the present invention. 
0014. The sensor 12 can be substantially technology 
(e.g., digital Sensor, analog sensor, Charge Coupled Device 
(CCD) sensor, CMOS sensor, Charge Injection Device 
(CID) sensor, an array Sensor, a linear Scan Sensor) including 
one or more receptors (or pixels) 14. According to one 
aspect of the present invention, each of the pixels 14 is 
Similarly sized or proportioned and responsive to light (e.g., 
visible, non-visible) received from the items under exami 
nation, as described herein. 
0015 The sensor 12 is associated with a lens network 16, 
which is configured based on performance requirements of 
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the optical System and the pitch Size of Sensor 12. The lens 
network 16 is operative to Scale (or project) proportions 
(e.g., pixels 14) of the Sensor 12 at an image plane estab 
lished by the position of the sensor 12 to an object field of 
View 20 in accordance with an aspect of the present inven 
tion. The object field of view 20 is related to the position of 
an object plane 22 that includes one or more items (not 
shown) under examination. 
0016. As the sensor 12 receives light from the object field 
of view 20, the sensor 12 provides an output 26 that can be 
directed to a local or remote storage Such as a memory (not 
shown) and displayed from the memory via a computer and 
asSociated display, for example, without Substantially any 
intervening digital processing (e.g., Straight bit map from 
Sensor memory to display), if desired. It is noted that local 
or remote Signal processing of the image data received from 
the Sensor 12 can also occur. For example, the output 26 can 
be converted to electronic data packets and transmitted to a 
remote System over a network for further analysis and/or 
display. Similarly, the output 26 can be Stored in a local 
computer memory before being transmitted to a Subsequent 
computing System for further analysis and/or display. 

0017. The scaling (or effective projecting) of pixels 14 
provided by the lens network 16 is determined by a novel 
k-space configuration or design in accordance with an aspect 
of the present invention. The k-space design of the lens 
network 16 promoteS predetermined k-Space frequencies of 
interest and mitigates frequencies outside the predetermined 
frequencies. This has the effect of a band-pass filter of the 
Spatial frequencies within the lens network 16 and notably 
defines the imaging System 10 in terms of resolution rather 
than magnification. AS will be described below, the resolu 
tion of the imaging System 10 determined by the k-space 
design promotes a plurality of features in a displayed or 
Stored image, Such as having high “Effective ReSolved 
Magnification' (a figure of merit described in following), 
high Spatial resolution, large depth of field, larger working 
distances, and a unitary Modulation Transfer Function as 
well as other features. 

0.018. In order to determine the k-space frequencies, a 
“pitch' or Spacing 28 is determined between adjacent recep 
tors 14 on the Sensor 12. The pitch (e.g., pixel pitch) 
corresponds to the center-to-center distance of adjacent 
receptors, indicated at 28, which is about the size or diameter 
of a Single receptor when the Sensor includes all equally 
sized pixels. The pitch 28 defines the Nyquist “cut-off 
frequency band of the Sensor 12. It is this frequency band 
that is promoted by the k-space design, whereas other 
frequencies are mitigated. In order to illustrate how Scaling 
is determined in the imaging system 10, a point 30 of a 
desired Smallest resolvable Spot Size is illustrated at the 
object plane 22. The point 30, for example, can represent the 
Smallest resolvable object determined by optical character 
istics of the lens network 16. That is, the lens network is 
configured to have optical characteristics (e.g., magnifica 
tion, numerical aperture) So that each pixel 14 is matched or 
scaled to be about the same size in the object field of view 
20 as the desired minimum resolvable spot size of the point 
30. For purposes of illustration, a scaled receptor 32 is 
depicted in front of the field of view 20 as having a size 
determined according to the pitch 28 of the sensor 12, which 
is about the same as the point 30. 
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0019. By way of illustration, the lens network 16 is 
designed to effectively reduce the size of each given receptor 
(e.g., pixel) 14 at the Sensor 12 to be about the same size 
(e.g., matched in size) to the size of the point 30, which is 
the minimum spot size resolvable by the system 10. It is to 
be understood and appreciated that the point 30 can be 
Selected to a size representing the Smallest resolvable object 
determined by optical characteristics within the lens network 
16 as determined by diffraction rules (e.g., diffraction lim 
ited Spot size). The lens network 16 thus can be designed to 
effectively scale each pixel 14 of the sensor 12 to any size 
that is equal to or greater than the diffraction limited size. 
For example, the resolvable Spot size can be Selected to 
provide for any desired image resolution that meets Such 
criteria. 

0020. After the desired resolution (resolvable spot size) is 
Selected, the lens network 16 is designed to provide the 
magnification to Scale the pixels 14 to the object field of 
view 20 accordingly. This has the effect of filling the object 
field of view 20 with Substantially all of the receptors of the 
Sensor 12, the respective receptors being Suitably Scaled to 
be similar in size to the point 30, which corresponds to the 
desired resolvable spot size. The matching/mapping of Sen 
Sor characteristics to the desired (e.g., Smallest) resolvable 
object or point 30 within the object field of view 20 defines 
the imaging System 10 in terms of absolute Spatial resolution 
and profoundly enhances the operating performance of the 
System in accordance with an aspect of the present inven 
tion. 

0021. By way of further illustration, in order to provide 
unit-mapping according to this example, assume that the 
sensor array 12 provides a pixel pitch 28 of about 10.0 
microns. The lens network 16 includes an objective lens 34 
and a secondary lens 36. For example, the objective lens 34 
can be set at infinite conjugate to the Secondary lens 36, with 
the Spacing between the objective and Secondary lenses 
being flexible. The lenses 34 and 36 are related to each other 
So as to achieve a reduction from Sensor Space defined at the 
Sensor array 20 to object Space defined at the object plane 22. 
It is noted that substantially all of the pixels 14 are projected 
into the object field of view 20, which is defined by the 
objective lens 34. For example, the respective pixels 14 are 
scaled through the objective lens 34 to about the dimensions 
of the desired minimum resolvable spot size. In this 
example, the desired resolution at the image plane 22 is one 
micron. Thus, a magnification of ten times is operative to 
back project a ten micron pixel to the object plane 22 and 
reduce it to a size of one micron. 

0022. The reduction in size of the array 12 and associated 
pixels 14 can be achieved by selecting the transfer lens 36 
to have a focal length "D2" (from the array 12 to the transfer 
lens 36) of about 150 millimeters and by selecting the 
objective lens to have a focal length “D1' (from the objec 
tive lens 36 to the object plane 22) of about 15 millimeters, 
for example. In this manner, the pixels 14 are effectively 
reduced in size to about 1.0 micron per pixel, thus matching 
the size of the of the desired resolvable spot 30 and filling 
the object field of view 20 with a “virtually-reduced” array 
of pixels. It is to be understood and appreciated that other 
arrangements of one or more lenses can be employed to 
provide the desired magnification. 
0023. In view of the foregoing description, those skilled 
in the art will understand and appreciate that the optical 
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media (e.g., lens network 16) can be designed, in accordance 
with an aspect of the present invention, with Standard, 
relatively inexpensive "off-the-shelf components having a 
configuration that defines that the object and image Space are 
“unit-mapped” or “unit-matched” for substantially all image 
and object fields. The lens network 16 and, in particular the 
objective lens 34, performs a Fourier transform of an object 
and an image in k-space (also referred to as “reciprocal 
Space”). It is this transform that is operated on for image 
optimization by the k-space design of the present invention. 

0024. A small Blur-circle or airy disk at the object plane 
is defined by the design to match the pixels in the image 
plane (e.g., at the image Sensor of choice) with Substantially 
one-to-one correspondence with the airy disk and thus the 
Fourier transforms of pixilated arrays can be matched. This 
implies that, optically by design, the airy disk is Scaled 
through the lens network 16 to be about the same size as the 
receptor or pixel pitch. AS mentioned above, the lens net 
work 16 is defined So as to construct an Intrinsic Spatial 
Filter (e.g., a k-space filter). Such a design definition and 
implementation enables the spectral components of both the 
object and the image in k-space to be about the same or 
quantized. This also defines that a Modulation Transfer 
Function (MTF) (the comparison of contrast to spatial 
resolution) of the sensor can be matched to the MTF of the 
object Plane in accordance with an aspect of the present 
invention. 

0025. As illustrated in FIG. 1, k-space is defined as the 
region between the objective lens 34 and the Secondary lens 
36. It is to be appreciated that Substantially any optical 
media, lens type and/or lens combination that reduces, maps 
and/or projects the sensor array 12 to the object field of view 
20 in accordance with unit or k-Space mapping as described 
herein is within the Scope of the present invention. 
0026. To illustrate the novelty of the exemplary lens/ 
sensor combination depicted in FIG. 1, it is noted that 
conventional objective lenses, sized according to conven 
tional geometric paraxial ray techniques, are generally sized 
according to the magnification; Numeric Aperture, focal 
length and other parameters provided by the objective. Thus, 
the objective lens would be sized with a greater focal length 
than Subsequent lenses that approach or are closer to the 
Sensor (or eyepiece in conventional microscope) in order to 
provide magnification of Small objects. This can result in 
magnification of the Small objects at the object plane being 
projected as a magnified image of the objects acroSS "por 
tions” of the Sensor and results in known detail blur (e.g., 
Rayleigh diffraction and other limitations in the optics), 
empty magnification problems, and Nyquist aliasing among 
other problems at the Sensor. The k-Space design of the 
present invention operates in a manner not consistent with 
conventional geometrical paraxial ray design principles. 
That is, the objective lens 34 and the secondary lens 36 
operate to provide a reduction in size of the Sensor array 12 
to the object field of view 20, as demonstrated by the 
relationship of the lenses. 

0027. An illumination source 40 can be provided with the 
present invention in order that photons can be emitted from 
objects in the field of view 34 to enable activation of the 
receptors in the Sensor 12. It is noted that the present 
invention can potentially be employed without an illumina 
tion Source 40 if potential Self-luminous objects (e.g., bio 

Oct. 7, 2004 

logical Specimens Such as a firefly and other objects or 
Specimens with emissive characteristics) emit enough radia 
tion to activate the sensor 12. It has been observed that Light 
Emitting Diodes provide an effective illumination source 40 
in accordance with the present invention. Substantially any 
illumination Source 40 can be applied including coherent 
and non-coherent Sources, visible and non-visible wave 
lengths. However, for non-visible wavelength Sources, the 
Sensor 12 would also be Suitably adapted. For example, for 
an infrared or ultraViolet Source, an infrared or ultraViolet 
sensor 12 would be employed, respectively. Other suitable 
illumination Sources 40 can include wavelength-specific 
lighting, broad-band lighting, continuous lighting, Strobed 
lighting, Kohler illumination, Abbe illumination, phase 
contrast illumination, darkfield illumination, brightfield illu 
mination, Epi illumination, and the like. Transmissive or 
reflective (both specular and diffuse) lighting techniques can 
also be applied. 

0028 FIG. 2 illustrates a graph 100 of mapping charac 
teristics and comparison between projected pixel Size on the 
X-axis and diffraction-limited spot resolution size “R” on 
the Y-axis. An apex 110 of the graph 100 corresponds to unit 
mapping between projected pixel Size and the diffraction 
limited Spot size, which represents an optimum relationship 
between a lens network and a Sensor in accordance with the 
present invention. 

0029. It is to be appreciated that the objective lens 34 
(FIG. 1) should generally not be selected Such that the 
diffraction-limited size “R” of the Smallest resolvable 
objects are Smaller than a projected pixel size. If So, “eco 
nomic waste' can occur wherein more precise information is 
lost (e.g., Selecting an object lens more expensive than 
required, Such as having a higher numerical aperture). This 
is illustrated to the right of a dividing line 120 at reference 
130 depicting a projected pixel 140 larger that two smaller 
diffraction spots 150. In contrast, where an objective is 
Selected with diffraction-limited performance larger than the 
projected pixel size, blurring and empty magnification can 
occur. This is illustrated to the left of line 120 at reference 
numeral 160, wherein a projected pixel 170 is smaller than 
a diffraction-limited object 180. It is to be appreciated, 
however, that even if Substantially one-to-one correspon 
dence is not achieved between projected pixel size and the 
diffraction-limited Spot, a System can be configured with less 
than optimum matching (e.g., 0.1%, 1%, 2%, 5%, 20%, 95% 
down from the apex 110 on the graph 100 to the left or right 
of the line 320) and still provide suitable performance in 
accordance with an aspect of the present invention. Thus, 
less than optimal matching is intended to fall within the 
Spirit and the Scope of present invention. 

0030. It is further to be appreciated that the diameter of 
the lenses in the system as illustrated in FIG. 1, for example, 
should be sized Such that when a Fourier Transform is 
performed from object Space to Sensor Space, Spatial fre 
quencies of interest that are in the band pass region 
described above (e.g., frequencies utilized to define the size 
and shape of a pixel) are Substantially not attenuated. This 
generally implies that larger diameter lenses (e.g., about 10 
to 100 millimeters) should be selected to mitigate attenua 
tion of the Spatial frequencies of interest. 

0031 FIG. 3 illustrates a methodology that can be 
employed to design an optical/imaging System in accordance 
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with an aspect of the present invention. The methodology 
begins at 200 in which an appropriate Sensor array is chosen 
for the System. The Sensor array includes of a matrix of 
receptor pixels having a known pitch size, usually defined by 
the manufacturer. The Sensor can be Substantially any shape 
(e.g., rectangular, circular, Square, triangular, and So forth). 
By way of illustration, assume that a simple Sensor of 
640x480 pixels having a pitch size of 10 um is chosen. It is 
to be understood and appreciated that an optical System can 
be designed for any type and/or Size of Sensor array in 
accordance with an aspect of the present invention. 
0032. Next at 210, an image resolution is defined. The 
image resolution corresponds to the Smallest desired resolv 
able spot size at the image plane. The image resolution can 
be defined based on the application(s) for which the optical 
System is being designed, Such as any resolution that is 
greater than or equal to a Smallest diffraction limited size. 
Thus, it is to be appreciated that resolution becomes a 
Selectable design parameter that can be tailored to provide 
desired image resolution for virtually any type of applica 
tion. In contrast, most conventional Systems tend to limit 
resolution according to Rayleigh diffraction, which provides 
that intrinsic spatial resolution of the lenses cannot exceed 
limits of diffraction for a given wavelength. 
0033. After selecting a desired resolution (210), an 
appropriate amount of magnification is determined at 220 to 
achieve Such resolution. For example, the magnification is 
functionally related to the pixel pitch of the Sensor array and 
the Smallest resolvable spot size. The magnification (M) can 
be expressed as follows: 

w E C. 1 

0034 where: X is the pixel pitch of the sensor array; and 
0035 y is the desired image resolution (minimum spot 
Size). 
0.036 So, for the above example where the pixel pitch is 
10 um and assuming a desired image resolution of 1 tim, Eq. 
1 provides an optical System of power ten. That is, the lens 
System is configured to back-project each 10 umpixel to the 
object plane and reduce respective pixels to the resolvable 
Spot Size of 1 micron. 
0037. The methodology of FIG.3 also includes a deter 
mination of a Numerical Aperture at 230. The Numerical 
Aperture (NA) is determined according to well established 
diffraction rules that relate NA of the objective lens to the 
minimum resolvable spot size determined at 210 for the 
optical System. By way of example, the calculation of NA 
can be based on the following equation: 

0.5 x Eq. 2 
NA = 

y 

0.038 where: ) is the wavelength of light being used in 
the optical System; and 
0039 y is the minimum spot size (e.g., determined at 
210). 
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0040 Continuing with the example in which the optical 
System has a resolved spot Size of y = 1 micron, and assuming 
a wavelength of about 500 nm (e.g., green light), a NA=0.25 
Satisfies Eq. 2. It is noted that relatively inexpensive com 
mercially available objectives of power 10 provide numeri 
cal apertures of 0.25. 

0041. It is to be understood and appreciated that the 
relationship between NA, wavelength and resolution repre 
Sented by Eq. 2 can be expressed in different ways according 
to various factors that account for the behavior of objectives 
and condensers. Thus, the determination at 230, in accor 
dance with an aspect of the present invention, is not limited 
to any particular equation but instead simply obeys known 
general physical laws in which NA is functionally related to 
the wavelength and resolution. After the lens parameters 
have been designed according to the Selected Sensor (200), 
the corresponding optical components can be arranged to 
provide an optical System (240) in accordance with an aspect 
of the present invention. 

0042 Assume, for purposes of illustration, that the 
example optical System created according to the methodol 
ogy of FIG. 3 is to be used for microscopy. By way of 
comparison, in classical microScopy, in order to image 
Structures of a size approaching 1 micron (and below), 
magnifications of many hundreds usually are required. The 
basic reason for this is that Such optics conventionally have 
been designed for the situation when the Sensor of choice is 
the human eye. In contrast, the methodology of FIG. 3 
designs the optical System around the Sensor, which affords 
Significant performance increases at reduced cost. 
0043. In the k-space design methodology, according to an 
aspect of the present invention, the optical System is 
designed around a discrete Sensor that has known fixed 
dimensions. As a result, the methodology provides a far 
more Straight-forward optical System design approach to 
“back-project' the Sensor Size onto the object plane and 
calculate a magnification factor. A Second part of the meth 
odology helps ensure that the optics that provide the mag 
nification have a sufficient NA to optically resolve a spot of 
the same dimensions as the back-projected pixel. Advanta 
geously, an optical System designed in accordance with an 
aspect of the present invention can utilize custom and/or 
off-the-shelf components. Thus, for this example, inexpen 
Sive optics can be employed in accordance with an aspect of 
the present invention to obtain excellent results, but well 
corrected microscope optics are relatively cheap. If custom 
designed optics are utilized, in accordance with an aspect of 
the present invention, then the range of permissible magni 
fications and numerical apertures becomes immense, and 
Some performance gains can be realized over the use of 
off-the-shelf optical components. 

0044 FIG. 4 illustrates a chart 300 of exemplary and 
typical performance parameters that can be achieved via the 
k-space design of the present invention employing Standard, 
low-cost, and commercially available components Such as 
dry objective lenses, a 1024x1280 sensor, LED illumination 
Source wavelengths Selected at about twice the wavelength 
of the desired resolution (e.g., for 200 nanometer resolution, 
400 nanometer light Source Selected), and a straight bit map 
from Sensor to image display without intervening Signal 
processing. AS can be observed, Effective ReSolved Magni 
fications up to about 5000 times can be achieved at a 
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resolution of about 200 nanometers in a typical non-opti 
mized system. As used herein, the term “Effective Resolved 
Magnification” is utilized to objectively compare the relative 
apparent image size and Absolute Spatial Resolution of the 
present invention with conventional microscopic imaging 
Systems. It is to be appreciated that the actual useful depth 
of field that can be achieved, in accordance with an aspect 
of the present invention, can be better than the conservative 
numbers shown in FIG. 4. 

0.045. In view of the concepts described above in relation 
to FIGS. 1-4, a plurality of related imaging applications can 
be enabled and enhanced by employing an optical/imaging 
System constructed in accordance with an aspect of the 
present invention. For example, these applications can 
include but are not limited to imaging, control, inspection, 
microScopy and/or other analysis Such as: 
0046 (1) Bio-medical analysis (e.g., cell colony count 
ing, histology, frozen Sections, cellular cytology, cellular 
micro-dissection, Hematology, pathology, oncology, fluo 
rescence, interference, phase and many other clinical 
microscopy applications); 
0047 (2) Particle Sizing Applications (e.g., Pharmaceu 
tical manufacturers, paint manufacturers, cosmetics manu 
facturers, food process engineering, and others); 
0.048 (3) Air quality monitoring and airborne particulate 
measurement (e.g., clean room certification, environmental 
certification, and So forth); 
0049 (4) Optical defect analysis, and other requirements 
for high resolution microscopic inspection of both transmis 
Sive and opaque materials (as in metallurgy, Semiconductor 
inspection and analysis, vision Systems and So forth); and 
0050 (5) Imaging technologies Such as cameras, copiers, 
FAX machines and medical Systems. 
0051 What has been described above are examples of the 
present invention. It is, of course, not possible to describe 
every conceivable combination of components or method 
ologies for purposes of describing the present invention, but 
one of ordinary skill in the art will recognize that many 
further combinations and permutations of the present inven 
tion are possible. Accordingly, the present invention is 
intended to embrace all Such alterations, modifications and 
variations that fall within the spirit and scope of the 
appended claims. 

1.-20. (cancelled) 
21. An imaging System, comprising: 

a Sensor comprising pixels, the pixels having a pixel Size; 
and 

a lens network having a Smallest resolvable spot size in an 
object plane, the lens network operative to Scale a 
projected pixel Size in the object plane to about the 
Smallest resolvable spot size in the object plane. 

22. The imaging System of claim 21, wherein the Sensor 
is a charge coupled device Sensor, a CMOS Sensor, or a 
charge injection device Sensor. 

23. The imaging System of claim 21, wherein the lens 
network comprises a numerical aperture functionally related 
to a ratio of a wavelength of light employed to illuminate an 
object, the numerical aperture (NA) being computed accord 
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ing to the expression: NA=(0.5x))/y, where is the wave 
length of light and y is the pixel pitch. 

24. The imaging System of claim 21, wherein the lens 
network comprises at least one of an objective lens, an 
aspherical lens, a multiple lens configuration, a fiber optic 
taper, an image conduit, and a holographic optic element. 

23. The imaging System of claim 21, wherein the lens 
network is operative to perform a Fourier transform of an 
object and an image in k-space. 

24. The imaging System of claim 21, wherein the lens 
network comprises a plurality of lenses comprising a first 
lens positioned toward an object field of View and a Second 
lens positioned toward the Sensor, the first lens having a 
focal length that is Smaller than the Second lens. 

25. The imaging System of claim 21, wherein the lens 
network comprises a k-space filter that makes Spectral 
components of an object and Spectral components of an 
image in k-space to be about the same. 

26. The imaging System of claim 21, wherein the lens 
network comprises k-Space. 

27. The imaging System of claim 21, wherein the lens 
network comprises a lens having a diameter from about 10 
to 100 mm. 

28. The imaging System of claim 21, further comprising 
an illumination Source to illuminate an object. 

29. An imaging System, comprising: 
a Sensor comprising pixels, the pixels having a pixel Size 

in an image plane; and 
a lens network having an airy disk in an object plane, the 

lens network operative to Scale the airy disk from the 
object plane to about the pixel Size in the image plane. 

30. The imaging system of claim 29, wherein the lens 
network comprises k-Space and is operative as an intrinsic 
Spatial filter that makes spectral components of an object and 
Spectral components of an image in the k-space to be about 
the same. 

31. The imaging system of claim 29, wherein the lens 
network comprises a plurality of lenses comprising a first 
lens positioned toward an object field of View and a Second 
lens positioned toward the Sensor, the first lens having a 
focal length that is Smaller than the Second lens. 

32. The imaging System of claim 29, wherein the Sensor 
is a charge coupled device Sensor or a CMOS Sensor. 

33. The imaging System of claim 29, further comprising 
a light emitting diode to illuminate an object. 

34. A method of making an imaging System, comprising: 
combining a Sensor comprising pixels, the pixels having 

a pixel Size with a lens network having a Smallest 
resolvable Spot Size in an object plane, wherein the 
Smallest resolvable spot size in an object plane and a 
projected pixel Size through the lens network in the 
object plane are about the same. 

35. The method of claim 34, further comprising combin 
ing the Sensor and the lens network with an illumination 
SOCC. 

36. The method of claim 34, further comprising combin 
ing the Sensor and the lens network with a light emitting 
diode. 

37. The method of claim 34, wherein the lens network 
comprises a plurality of lenses comprising a first lens 
positioned toward the object plane and a Second lens posi 
tioned toward the Sensor, the first lens having a focal length 
that is Smaller than the Second lens. 
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38. The method of claim 34, wherein the lens network 40. The method of claim 34, wherein the lens network 
comprises an objective lens and Secondary lens. comprises k-Space. 

39. The method of claim 34, wherein the sensor is a 
charge coupled device Sensor or a CMOS Sensor. k . . . . 


