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(57) ABSTRACT

Passive components adapted for integration with at least one
active semiconductor device, in an embodiment, comprise at
least one metallic structure dimensioned and arranged to
absorb and/or reflect a major fraction of incident electro-
magnetic radiation received at one or more wavelengths of
a first group of wavelengths. This prevents radiation within
the first group of wavelengths from being received and/or
processed by the at least one active device. In an embodi-
ment, one or more metallic structures are dimensioned and
arranged to direct an amount of incident radiation, received
at one or more wavelengths of a second group of wave-
lengths, sufficient to enable receiving or processing of
incident radiation within the second group of wavelengths
by the at least one active semiconductor device. In some

Int. C1. embodiments, the passive component comprises a passive
GOIT 1736 (2006.01) optical filter for use in spectroscopic applications, and the
G01J 1/04 (2006.01) active semiconductor device is a detector or sensor.
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PASSIVE WAVEGUIDE STRUCTURES AND
INTEGRATED DETECTION AND/OR
IMAGING SYSTEMS INCORPORATING THE
SAME

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a divisional of U.S. patent
application Ser. No. 14/570,590 filed Dec. 15, 2014 which
claims benefit of priority to Provisional Application Ser. No.
61/915,560 filed on Dec. 13, 2013

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Conventional detection and/or imaging systems are
used to detect, sense and/or measure properties of light over
a portion of the electromagnetic spectrum. A spectrometer,
for example, typically includes a source of electromagnetic
energy as well as a collimating lens structure and optical
filter configured to disperse the light to electronic photode-
tectors such as a CMOS active pixel sensor array, an array
of photodiodes, or charge-coupled devices (CCDs).

[0003] Optical spectroscopic systems are used to detect
and quantify the characteristics or concentration of a physi-
cal, chemical, or biological target object. Medical diagnostic
machines using optical spectroscopic systems can identify
pathogens and chemicals in bodily fluids, as well track
associated enzymes, proteins, and other physiological
responses to such items, using only minute samples of
blood, urine, saliva, or the like. Heretofore, however, the
expense, size and complexity associated with conventional
optical spectroscopic systems have impeded their wide-
spread deployment. This, only those laboratory facilities
having elaborate testing protocols and specially trained
technicians are able to analyze specimens using such
machines. As a consequence, the time required to deliver
samples to the lab, the costs associated with shipping, and
the handling procedures designed to avoid misidentification
and/or contamination, have further limited the range of
diagnostic options available to medical practitioners.
[0004] A continuing need therefore exists for detecting
and/or imaging systems which are efficient, easy to use, and
relatively inexpensive to fabricate and maintain.

SUMMARY OF THE INVENTION

[0005] The Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.

[0006] A passive component according to one or more
embodiments is adapted for integration with at least one
active semiconductor device. The passive component com-
prises at least one metallic structure dimensioned and
arranged to absorb and/or reflect a major fraction of incident
electromagnetic radiation received at one or more wave-
lengths of a first group of wavelengths, so as to prevent such
major fraction of incident radiation from being one of
received or processed by the at least one active device.
Alternatively, or in addition, the at least one metallic struc-
ture is dimensioned and arranged to direct an amount of
incident radiation, received at one or more wavelengths of a
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second group of wavelengths, sufficient to enable receiving
or processing of incident radiation, within the second group
of wavelengths, by the at least one active device.

[0007] A detection and/or sensing system according to one
or more embodiments comprises at least one active compo-
nent defined on a first substrate, the at least one active
component comprising a semiconductor device dimensioned
and arranged to at least one of detect or process radiation
incident thereon. The system further comprises at least one
passive component defined on a substrate, the at least one
passive component including one or more metallic structures
dimensioned and arranged to at least one of absorb or reflect
a major fraction of incident radiation, the incident radiation
received at one or more wavelengths of a first group of
wavelengths, so as to prevent such major fraction of incident
radiation from being one of received or processed by the at
least one active component. Alternatively, or in addition, the
at least one metallic structure is dimensioned and arranged
to direct an amount of incident radiation, received at one or
more wavelengths of a second group of wavelengths, suf-
ficient to enable receiving or processing of incident radia-
tion, within the second group of wavelengths, by the at least
one active component.

[0008] According to one or more embodiments, the at
least one metallic structure comprises a waveguide array
filter, a grating array filter, or a meta material filter. In some
embodiments, the at least one metallic structure alternatively
or additionally includes a metallic lens structure formed
from a plurality of metallic segments or rings defined in one
or more layers of dielectic materials.

[0009] A monolithically integrated fluorescence detection
system, comprising: a substrate of semiconductor material
having a plurality of active components fabricated thereon,
the active components including at least one of a plurality of
sensing devices or a plurality of detector devices fabricated
thereon; and a plurality of passive components formed
thereon, at least some of the passive components being
respectively dimensioned and arranged to receive radiation
exiting a corresponding analyte and to direct the radiation
along a path terminating at one or more of the sensing or
detector devices, wherein each passive component com-
prises at least one metallic structure dimensioned and
arranged to absorb and/or reflect a major fraction of received
exiting radiation, received at one or more wavelengths of a
first group of wavelengths, so as to prevent such major
fraction from being one of received or processed by the
plurality of sensing devices and/or plurality of detecting
device. Alternatively, or in addition, the at least one metallic
structure is dimensioned and arranged to direct an amount of
received exiting radiation, received at one or more wave-
lengths of a second group of wavelengths, sufficient to
enable at least one of receiving or processing by the at least
one of the plurality of sensing devices or plurality of
detecting devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A is a perspective view of a passive com-
ponent incorporating an array of metallic waveguides dis-
posed within a dielectric layer, according to one or more
embodiments;

[0011] FIG. 1B is a perspective view depicting an array of
metallic waveguides having a uniform spacing and pitch and
a circular cross sectional profile, according to some embodi-
ments;



US 2017/0153339 Al

[0012] FIG. 1C is a perspective view depicting an array of
metallic waveguides similar to that shown in FIG. 1B but
having a hexagonal cross sectional profile, according to
some embodiments;

[0013] FIG. 1D is a perspective view depicting an array of
metallic waveguides similar to that shown in FIGS. 1B and
1C but having a rectangular cross sectional profile, accord-
ing to some embodiments;

[0014] FIG. 2A is a perspective view of an array of
metallic structures constructed according to one or more
embodiments;

[0015] FIG. 2B is a perspective view of an array of
metallic structures obtained by conventional CMOS fabri-
cation techniques, according to one more embodiments;

[0016] FIGS. 3A and 3B are graphical representation of
transmittance as a function of wavelength for an illustrative
sub-wavelength waveguide array structure according to an
embodiment of the present disclosure, for each of three
different metals used in their fabrication;

[0017] FIGS. 3C and 3D are graphical representations of
transmittance as a function of wavelength for a illustrative
sub-wavelength waveguide array structure according to an
embodiment of the present disclosure, based on selection of
copper as the metal used in their fabrication;

[0018] FIGS. 3E and 3F are graphical representations of
transmittance as a function of wavelength for a illustrative
sub-wavelength waveguide array structure according to an
embodiment of the present disclosure, based on selection of
copper as the metal used in their fabrication;

[0019] FIGS. 3G and 3H are graphical representations of
transmittance as a function of wavelength for a illustrative
sub-wavelength waveguide array structure according to an
embodiment of the present disclosure, based on selection of
copper as the metal used in their fabrication;

[0020] FIGS. 31 and 3] are graphical representations of
transmittance as a function of wavelength for a illustrative
sub-wavelength waveguide array structure according to an
embodiment of the present disclosure, based on selection of
copper as the metal used in their fabrication;

[0021] FIGS. 3K and 3L are graphical representations of
transmittance as a function of wavelength for a illustrative
sub-wavelength waveguide array structure according to an
embodiment of the present disclosure, based on selection of
copper as the metal used in their fabrication;

[0022] FIGS. 4A and 4B exemplify light of different
wavelengths (780 nm and 405 nm, respectively) entering a
spectral filter of the type employing an array of metallic
waveguide structures according to the embodiments of
FIGS. 1A-1D, 2A, and 2B;

[0023] FIG. 4C is a graphical representation of the mea-
sured result (transmission spectrum) for a waveguide array
designed and fabricated in a CMOS 65 nm process, accord-
ing to one or more embodiments;

[0024] FIG. 4D is a graphical representation depicting
filtering performance against the emission and excitation
spectra for an exemplary commercial analyte, in accordance
with a simulation of results achieved by one or more
embodiments.

[0025] FIG. 5A is a model of coupled waveguide modes
supported by filtering arrangements constructed in accor-
dance with one or more embodiments;
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[0026] FIGS. 5B-5E depict distinct loss behaviors
between two different kinds of modes for passive compo-
nents employing an array of metallic structures according to
one or more embodiments;

[0027] FIG. 6A-6B and depict another class of metallic
structures adapted for integration with such conventional
devices as detectors and imaging sensors and which may, for
example, be used to implement grating anomaly filters or
other passive optical components according to one or more
embodiments;

[0028] FIGS. 6C and 6D depict FDTD simulation results
for several design examples of grating anomaly filters
according to one or more embodiments of the present
disclosure;

[0029] FIGS. 7A and 7B are perspective and plan views,
respectively, which show yet another class of metallic struc-
ture applicable to passive components adapted for integra-
tion with active semiconductor devices, utilizing meta-
material structures according to one or more embodiments;
[0030] FIGS. 7C-7E are respective plan views depicting
other meta-material structures according to one or more
embodiments;

[0031] FIG. 8A to 8D are graphical representations of
filter performance obtained using meta material structures
according to embodiments of the present disclosure;
[0032] FIG. 9 is a cross sectional view depicting an
integrated detecting, sensing or measuring system which
integrates both passive and active optical components in a
single structure, according to one or more embodiments;
[0033] FIGS. 10A and 10B depicts schematics for an
integrated photodetector architecture with dark current com-
pensation, correlated double sampling, and microscopic
view of differential diode layout, with FIG. 10B further
including a timing diagram, according to one or more
embodiments;

[0034] FIG. 11 and FIG. 12 are graphical representations
depicting The measured spectral responsivity (405-830 nm)
and the sensitivity of an integrated sensing device at an
emission wavelength of around 780 nm, according to one or
more embodiments;

[0035] FIG. 13Ais depicts a functionalized monolithically
integrated chip constructed according to an embodiment of
the present disclosure;

[0036] FIG. 13B is a schematic of a functionalized, mono-
lithically integrated fluorescence imaging system con-
structed according to another embodiment of the present
disclosure;

[0037] FIGS. 13C and 13D depict the separation between
a sample under fluoroscopic investigation and an imaging
plane, according to one or more embodiments;

[0038] FIG. 14 is a perspective view depicting processes
of chip surface functionalization and affinity reaction for an
antigen/antibody assay, according to one or more embodi-
ments; and

[0039] FIG. 15 is a perspective view depicting a double
chip fluorescence microscopy system according to one or
more embodiments.

[0040] While the components and systems are described
herein by way of example for several embodiments and
illustrative drawings, it should be understood that the draw-
ings and detailed description thereto are not intended to limit
embodiments to the particular form disclosed. Rather, the
intention is to cover all modifications, equivalents and
alternatives falling within the spirit and scope of the com-
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ponents and systems defined by the appended claims. Any
headings used herein are for organizational purposes only
and are not meant to limit the scope of the description or the
claims. As used herein, the word “may” is used in a
permissive sense (i.e., meaning having the potential to),
rather than the mandatory sense (i.e., meaning must). Simi-

larly, the words “include”, “including”, and “includes” mean
including, but not limited to.

DETAILED DESCRIPTION OF EMBODIMENTS

[0041] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the disclosure and how it may be practiced
in particular embodiments. However, it will be understood
that the present disclosure may be practiced without these
specific details. In other instances, well-known methods,
procedures and techniques have not been described in detail,
s0 as not to obscure the present disclosure. While the present
disclosure will be described with respect to particular
embodiments and with reference to certain drawings, the
disclosure is not limited hereto. The drawings included and
described herein are schematic and are not limiting the scope
of the disclosure. It is also noted that in the drawings, the
size of some elements may be exaggerated and, therefore,
not drawn to scale for illustrative purposes.

[0042] Furthermore, the terms first, second, third and the
like in the description and in the claims, are used for
distinguishing between similar elements and not necessarily
for describing a sequence, either temporally, spatially, in
ranking or in any other manner. It is to be understood that the
terms so used are interchangeable under appropriate circum-
stances and that the embodiments of the disclosure described
herein are capable of operation in other sequences than
described or illustrated herein.

[0043] Moreover, the terms top, bottom, over, under and
the like in the description and the claims are used for
descriptive purposes and not necessarily for describing
relative positions. It is to be understood that the terms so
used are interchangeable under appropriate circumstances
and that the embodiments of the disclosure described herein
are capable of operation in other orientations than described
or illustrated herein. As used herein, the phrase major
fraction is intended to refer not to a specific proportion, or
even a range of percentage values of absorbtion and/or
reflection of light, but rather to the rejection of a sufficient
amount of energy as to impede the sensing, measuring, or
detection of a energy at a particular wavelength or within a
particular band of wavelengths other than those being
reflected or absorbed.

[0044] As used herein, the phrase “dimensioned and
arranged for silicon device integration” or “for semiconduc-
tor device integration” is intended to refer metallic compo-
nents which are of a sufficiently small scale as to permit
fabrication of spectral filters and other passive components
made of metal (or a metal alloys during the process of
fabricating one or more active devices within or upon a
substrate of semiconductor material as, for example, silicon,
gallium arsenide, indium gallium arsenide, or indium gal-
lium arsenic phosphide (InGaAsP). In some embodiments,
portions of the metallic structures comprising the passive
components have dimensions on the order of 100 nm or even
less.

[0045] As used herein, the term “metal material” struc-
tures are intended to refer to waveguide structures utilizing
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a gap or “slot”, whether as discrete individual structures or
as arrays of such individual structures, with the terms
“slotted resonators” being one example thereof and intended
to refer generically to such structures as the split ring
resonator structures, and to “U” and “H” shaped resonator
structures described in the present disclosure.

[0046] As used herein, the term “active component” is
intended to refer to those devices fabricated from silicon or
other semiconductor materials, especially but not limited to
those fabricated from low cost CMOS fabrication processes,
and which are responsive to the application of a current or
voltage to alter the flow of current or the voltage applied to
other devices in a circuit.

[0047] Described herein are passive components adapted
for integration with a wide range of detection, sensing, and
spectroscopic  imaging devices. Although examples
described in detail herein are presented in the context of
novel optical fluorescence-based chemical and biochemical
sensors and multi-analyte detection and imaging systems,
such examples are presented to highlight the applicability of
low-cost materials and simple fabrication techniques to the
implementation of such systems. In the context of such
illustrative examples set forth in this disclosure, an analyte
is an element or a substance to be detected, such as a gas, a
vapor or a liquid.

[0048] According to some embodiments of the present
disclosure, passive components in the form of spectral filters
and other metallic structures are respectively constructed as
part of a conventional semiconductor device fabrication
integration process such, for example, as a CMOS {fabrica-
tion process. An illustrative example of a passive component
100 incorporating an array A of such metallic structures is
depicted in FIG. 1A. The array, indicated generally at A,
comprises mxn metallic waveguides, where one or both of
M and N are integers greater than one. In FIG. 1A, each of
M and N are greater than 1 and these are arranged in
respective rows R, to R,. Each row, as row R, for example,
therefore includes M metallic waveguides indicated gener-
ally at 102, to 102,,. Likewise, row R, includes waveguides
104, to 104, ,, and row R, includes waveguides N, to N, .
[0049] The waveguides of array A may be made of arbi-
trary shapes, and are surrounded by a dielectric layer indi-
cated generally at 106. The spacing between each waveguide
in a row, as waveguides 102, and 102, of row R,, is
represented by reference numeral S; while the spacing
between waveguides an array is represented by reference
numeral Sj. In periodic examples, the spacing between
waveguides is constant within each row and the spacing
between the rows is likewise constant. In such embodiments,
the dimensions S, and S, may, but need not be, equal to one
another. In that regard, the spacing between waveguides
need not even be periodic. In any event, dielectric layer 106
is disposed on a substrate 108 which, may be an index-
matching dielectric layer and/or may include one or more
active semiconductor devices fabricated in or on the sub-
strate.

[0050] The spacings S, and Sj are each sub-wavelength.
That is, each of S, and S, have a dimension which is less than
the wavelength in the dielectric layer A/n, where A, is the
wavelength in vacuum and n is the dielectric constant of the
dielectric layer). This constraint ensures that only efficiently
conducted modes in the waveguide array (coupled surface
plasmon polariton modes) are permitted, while the other
types of the modes (for example, cavity modes) are cut-off.
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Such mode purification is especially useful for spectral
filtering according to one or more embodiments.

[0051] It should be emphasized that surface plasmon
polariton modes have distinct waveguide loss for different
wavelengths depending on the material property of both
metal and dielectric, when the optical waves are guided
through the waveguide, spectral filtering function is realized.
One distinct advantage of the waveguide array for spectral
filtering is that light incident at any angle has to be converted
to the coupled surface plasmon polariton modes in order to
go through the optical structure. Therefore, for any incident
angle, the spectral filtering function is preserved.

[0052] The geometry of the sub-wavelength waveguide
array can be chosen based on the convenience of the
fabrication process, while the characteristics remain similar
due to the fact that all sub-wavelength waveguide arrays
share the same physics mentioned above. Various periodic
waveguide arrays with the same material (e.g., Cu) but
different waveguide unit cells (square, circular, hexagonal
cross section), as shown in FIGS. 1D, 1B, and 1C, respec-
tively, were simulated to demonstrate this behavior. It is also
possible to design and fabricate one-dimensional (1xM)
waveguide arrays as shown in FIGS. 2A and 2B (again, the
spacing is sub-wavelength but the array doesn’t have to be
periodic). In the case of the array depicted in FIG. 2A, the
filtering only exists for one polarization (perpendicular, as
shown in the figure). For the parallel polarization, light for
all wavelengths are largely rejected.

[0053] In practice, commercially available fabrication
processes may requires specific design adaptations and
conformance with rules applied to a specific geometric
configuration. This may lead to many variants of the wave-
guide array as departures from the aforementioned basics
structures. For example, a particular CMOS process may use
leads to the design example shown as FIG. 2B, which is a
variation to the basic design as FIGS. 1A and 2A, respec-
tively. These structures, while seemingly complex, possess
all the physical performance characteristics applicable to the
generalized cases discussed above.

[0054] In an embodiment, a periodic waveguide array
utilizes waveguides having a square cross section, as exem-
plified by FIG. 1D. Based on a length [; of 2 microns, a
waveguide width of 100 nm, an inter-waveguide spacing S,
of 100 nm, and a dielectric layer of SiO, (n~1.5), a simu-
lation was performed to determine the transmittance char-
acteristics as a function of material and the wavelengths
making up the incident radiation (i.e., that portion of the
electromagnetic spectrum which is incident upon the wave-
guides). FIG. 3A is a graphical representation of transmit-
tance vs wavelength, for each of three different materials
(the upper curve corresponding to silver, the middle curve
corresponding to gold, and lower curve corresponding to
copper). A similar plot, on a logarithmic scale, is depicted in
FIG. 3B.

[0055] Selecting only copper for simulation purposes,
waveguide arrays utilizing a periodic configuration and a
circular cross section (FIG. 1B), a hexagonal cross section
(FIG. 1C), and a square cross section (FIG. 1D) were also
simulated, in all cases using SiO, (n~1.5) as the dielectric
and a length (L,, L, or L;) of 2 microns. For waveguides
having a circular cross sectional profile, a diameter D of
112.8 nm, and a spacing S, of 100 nm) were used, while in
the case of the hexagonal cross sectional profile, the apical
spacing was 76 nm and the side of each hexagon was 62.0
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nm. FIG. 1D utilized the same parameters as discussed
above in connection with FIG. 1D. A graphical plot of
transmittance against wavelength is shown in FIG. 3C and,
on a logarithmic scale, in FIG. 3D.

[0056] The simulated transmittance spectrum for a one-
dimensional array structure of FIG. 2A, using copper in the
fabrication of the waveguide structures, is shown in FIGS.
3E and 3F (logarithmic scale). For purposes of this simula-
tion, a length L, of 2 microns, an infinite width W,, an
inter-waveguide spacing (d;=d,) of 100 nm, and an indi-
vidual waveguide thickness of 100 nm were used. FIGS. 3K
and 3L (logarithmic) also plots the angular dependency of
filter performance for this structure, showing that the filter
works for all angles of incidence, which is especially suited
for fluorescence detection applications where the excitation
light might be scattered and only obliquely entering the
filter.

[0057] In FIGS. 3G and 3H (logarithmic), there is shown
the spectrum for the structure depicted in FIG. 2B, which is
denoted as having four layers (“41.”") within each waveguide
structure as structures 202'; to 202',, as well as the spectrum
for the structure that only uses the metal 3 to metal 5 layers
shown in FIG. 2B, this is denoted as “3L”. In the simulation,
the spacing d, between adjacent structures was 130 nm and
the thickness d; of each structure was 100 nm. Each layer
containing the vias, indicated generally at V, is 167 nm,
while the metal layers have a thickness t; of 220 nm. Clearly,
the “3L.” is a shortened waveguide array structure compared
to “4L”, and therefore, its filtering performance is worse
than that of the “41.”, as expected—Ilonger waveguides have
better filtering performance, at the expense of slightly more
loss at the desirable wavelength (in this case, the long
wavelength at 800 nm).

[0058] Simulation results for a MxN comprising multiple
rows of structures corresponding to the arrangement of FI1G.
2B (not shown) is presented in FIGS. 31 and 3J (logarith-
mic), where M and N are each greater than 1.

[0059] FIGS. 4A and 4B exemplify light of different
wavelengths (780 nm and 405 nm, respectively) entering a
spectral filter of the type employing an array of metallic
waveguide structures according to the embodiments of
FIGS. 1A-1D, 2A, and 2B. Comparing the two, it will be
readily apparent that the 780 nm light largely passes through
(e.g., without absorption and/or reflection) while the 405 nm
is largely rejected The measured result (transmission spec-
trum) for a waveguide array designed and fabricated in a
CMOS 65 nm process is shown in the FIG. 4C. The structure
is the same as FIG. 2B. The simulated transmittances for a
four-metal-layer filter (M2-M5) are -58.7 dB for 405 nm
and -2.9 dB for 780 nm wavelength while the measured
transmittances are -57.8 dB for 405 nm and -12.1 dB for
780 nm. The higher than expected propagation loss at 780
nm is currently being investigated. Nonetheless, a measured
filtering ratio of 45.7 dB is achieved with the integrated
nano-plasmonic filter. The filtering performance is plotted
against the emission and excitation spectra (FIG. 4D) of the
labeling agent Qdot 800 commercially available from Life
Technologies, a quantum dot which is used in DNA as well
as protein assays.

[0060] A preliminary evaluation on the nanoplasmonic
waveguide array system is carried out with the two-dimen-
sional periodic waveguide array structure shown in FIG. 2B.
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All coupled waveguide modes supported in the system can
be modeled as shown in FIG. 5A and described analytically
by the following equations:

k k
az . = l]sin(kla)sin(kzb) =0,

1
cosky A — cos(kja)cos(krb) + 5(5 nta E

for TM

1k, &k
cosky A —cos(kia)cos(kb) + z(k_z + k—l)sin(kla)sin(kzb) =0,
1 2

for TE
Where

ky =+ ek§ - B2,
ky = &2kF - B

[0061] Where, k, is the wave vector in vacuum, €, is the
dielectric constant of the dielectric layer, €, is the dielectric
constant of the metal layer, a is the width of the dielectric
spacing, b is the width of the metal waveguide, k; is the
parallel wave vector charactering the coupled surface plas-
mon mode and f is the wave vector or propagation constant
of the waveguide modes—which determines the loss of the
waveguides for any particular wavelengths. Distinct behav-
iors between two different kinds of modes are clearly seen
in FIGS. 5B-5E. The coupled surface plasmon polariton
modes, which are also the fundamental coupled TM modes,
serve as the filtering mechanism of the structure—with
drastically larger mode loss in short wavelength (405 nm)
than in long wavelength (780 nm). However, other modes
(which behave like cut-off cavity modes) show larger mode
loss for longer wavelength. These cut-off cavity modes
could be a degradation sources for the filter, if the designed
pitch of the filter is larger than ~300, while smaller pitch
(~200 nm) design makes the effect negligible. This explains
the function of the sub-wavelength spacing, mentioned
above.

[0062] FIG. 6A-6D depict another class of metallic struc-
tures adapted for integration with such conventional devices
as detectors and imaging sensors and which may, for
example, be used to implement an optical filter or other
passive optical component. In a CMOS embodiment,
wherein the structure 600 is configured as an on-chip grating
anomaly filter, the structure comprises a plurality of two
dimensional metal grating stacks (the material is either
copper or aluminum, depending on the CMOS process). In
the illustrative embodiment of FIG. 6B, three such stacks,
indicated generally at reference numerals 610, 620, and 630,
are shown.

[0063] The filter of FIGS. 6A-6D is designed to reject, to
a large extent, short wavelength light over a relatively small
wavelength range (subject to tuning during the manufactur-
ing process according to the selection of variable design
parameters) and to allow longer wavelength light to pass
efficiently. The filter works well particularly when the laser
light incidence is normal to the filter plane. The pitch P of
each two-dimensional grating in a stack (as gratings 610,
620 or 630 of FIG. 6B) is determined in accordance with
Wood’s anomaly law, wherein
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P=mx—,

[0064] Where A, is the wavelength of the laser in vacuum,
n is the refractive index where the grating is embedded (in
the case of CMOS chip, it’s the oxide layer on the silicon
substrate), and m is integer (m=1 is typically used). In an
embodiment, the width of the grating is on the order of from
about 0.5 to 0.7 times the pitch. The grating thickness is not
as important a parameter as the pitch and width, especially
for fluorescence sensing applications. Therefore, the thick-
ness can be at the convenience of particular fabrication
process that is used. Nonetheless, these three parameters are
preferably optimized based on rigorous FDTD simulations.
Although FIGS. 6A and 6B suggest the stacking of three
gratings in parallel, a greater or larger number of gratings
may be employed to obtain a requisite level of the filter
performance.

[0065] There are generally two ways of cascading. First,
multiple same 2D gratings can be cascaded in order to
significantly enhance the laser rejection at a particular
wavelength. Second, multiple two-dimensional gratings
with slightly different pitches (say, 5-10 nm difference) can
be cascaded to enhance the bandwidth of rejection. The
enhanced bandwidth, in tum, allows the laser to incident
within a certain angle (thus enhancing the robustness of the
filter). In order for the cascading to be effective, the spacing
between adjacent filter layers should be as large as possible,
practically, to be around the laser wavelength in the dielec-
tric medium.

[0066] Several design examples are given and the corre-
sponding FDTD simulation results are shown in FIGS. 6C
and 6D. In each of the design examples, the grating material
is chosen to be copper, though a noble metal such as gold,
silver or platinum would also provide satisfactory results.
The first and second grating examples are single layer
two-dimensional gratings, each having a pitch of 450 nm,
and 500 nm respectively. The thicknesses of the films are
both t=220 nm, the widths are W=270 nm and 300 nm,
respectively. The refractive index of the dielectric medium is
assumed to be 1.35. The third grating is a cascaded design-
two 450 nm pitch single grating layers are positioned in
parallel with a spacing of 1 micron. It can be seen that the
450 nm pitch grating exhibits anomaly wavelength ru-mmd
650 nm, and the 500 nm pitch grating around 710 nm, which
is a very desirable property (wavelength to be filtered is
controllable). The transmission dip at the anomaly wave-
length is on the order of around 1073 to 10~*. Although this
is already a typical value found in traditional multiple-
dielectric-layer-based or absorptive-material-based filters, if
cascading is applied, the rejection at the anomaly wave-
length is cascaded (107 to 1077 transmittance), as shown in
the bottom of FIG. 6D. This enables high signal-to-noise
ratio in fluorescence detection applications.

[0067] FIGS. 7A and 7B are perspective and plan views
which show yet another metallic structure 700 applicable to
passive components adapted for integration with active
semiconductor devices. Like the preceding examples, the
metallic structure 700 is especially suitable for the fabrica-
tion of on-chip optical filters. The structure 700 is referred
to herein as a meta-material filter and comprises an array A,
of meta-material elements.
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[0068] Inan embodiment, the metallic structures compris-
ing the array A, of FIG. 7A are split ring resonators 702
formed from sections as sections 704a-704d each of which
separated from its nearest neighbors by a gap G. The
structures of FIGS. 7A and 7B, as well as the variants
depicted in FIGS. 7C-7E, have several advantages which, in
certain circumstances, make it a superior choice than pre-
viously described embodiments.

[0069] Consider the performance of the waveguide array
structures described in FIGS. 1A-1D, 2A, and 2B, or the
stacked gratings of FIGS. 6A and 6B. The former have
extremely good performance and are very robust in filter
applications where its wavelength limitations do not present
an issue. In fluoroscopic detection and/or imaging situations,
for example, the waveguide array is only acceptable where
fluorophores having an excitation band below 600 nm and
an emission band above 650 nm are applicable. While many
fluorescent quantum dots aheady meet this criteria, anomaly
filter configurations using stacked gratings—as exemplified
by FIGS. 6A and 6B—have greater versatility (the latter are
more versatile because the transmission dip is tunable by
tuning structural parameters). However, this structure is not
as robust for stray or scattered layer excitation light.
[0070] Metallic structures of the meta-material type
advantageously deliver the desired robustness, by providing
a moderate rejection of stray or scattered light robust con-
figuration. As shown FIGS. 7A and 7B, each element of the
array A, is dimensioned and arranged so that a sub-wave-
length structure is obtained. The spacing S, are separated by
a dimension which is generally smaller or at most compa-
rable to the wavelength of laser acting as the excitation
source.

[0071] An embodiment of a split ring resonator is shown
in FIGS. 7A and 7B and consists of four copper bars forming
a square ring with 4 gaps. The length Ly, width Dy, gap
width G, and the metal bar thickness of the resonator are
tuned and optimized in simulations to provide the desirable
filter performance. The pitch of the array is generally not as
important in terms of its effect on performance, but it is
typically chosen so that the array is closely packed.

[0072] In some embodiments, the array formed by numer-
ous single elements comprises a single layer. In other
embodiments, a number of layers are stacked much like the
multiple-layer structure used for the Grating Anomaly filter
configurations of FIGS. 6A and 6B, the cascading of mul-
tiple layers serving to improve the filter performance with a
minor penalty in the form of slightly decreased transmission
efficiency at the fluorescence wavelength. FIGS. 7B through
7E depict several other architectures of the individual metal-
lic material structures. FIGS. 7B, 7C and 7E are classical
split rings, while FIG. 7F is an H-shaped resonator.

[0073] One example of the filter design for use in simu-
lating performance utilizes the structure of FIG. 7B, which
is a split ring resonator with four gaps. The outer side length
of the square is 100 nm, the inner side length is 70 nm
(therefore, the width of the “ring” is 15 nm), the gap width
G is 20 nm, the pitch of the array is 150 nm, and the filter
is embedded in the dielectric material with a refractive index
of 1.5. The array is single-layer. The filter performance is
shown in FIG. 8 A-8D. A clear dip is shown in each of FIGS.
8A-8D within a wavelength band of around 720-730 nm.
Although the rejection at the transmission dip is moderate,
a distinct difference from the previous Grating Anomaly
Filter (FIGS. 6A-6D) in the robustness for incident laser
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light or light scattered at large angles. In the Grating
anomaly filter, the rejection of normal incident laser light is
very high while the rejection of the oblique incident light is
not (not shown). In comparison, the Meta-material filter
works well even as we utilize a dipole source to simulate the
oblique incidence, as shown FIG. 8. Therefore, in real
applications where both directly incident (thus much stron-
ger) and scattered laser light coexist, the two types of filters
can be combined together to achieve an overall good per-
formance.

[0074] A photosensor with greater than 50 dB filtering, at
a given wavelength, can be advantageously realized through
an integrated photonic-electronic co-design which enables
the optical layers to be brought in close affinity to the photo
detection layer. That is, the bottom via layer can be designed
to touch the silicon. Consider a high performance filter on
top of a photo-diode, which rejects light at a particular
wavelength (in our case, ~405 nm) to a very high extent (100
dB). This means any optical leakage that allows 1 out of 10*°
photons to reach the sensor will degrade the filter perfor-
mance.

[0075] For optimal results, any stray light or leakage light
induced by, for example, any gaps sized several microns
anywhere on chip near pad, chip side, etc. or by gaps as a
result of DRC rules should be eliminated. In this regard, the
photonic copper structure and electronic copper wirings are
part of a common layer, and applicable DRC rules may
dictate a certain spacing between any adjacent metal layers.
[0076] According to one or more embodiments, the afore-
mentioned issue is resolved by a “global level” metal and via
layer design methodology that completely isolates the sensor
from stray, scattered leakage excitation light. An embodi-
ment of a structure integrating both passive and active
optical components in a single structure through application
of'such a methodology is depicted in FIG. 9. If any gap must
exist, the lowest metal layer with via stacks is dimensioned
and arranged to seal it. This prevents light leakage from the
top gap. The backside silicon (hundreds of micron thick)
offers a natural optical isolation for the photon active region.
Finally, from the side, “dummy” silicon layers (i.e., layers
which are electronically isolated from the active region plus
the lowest via layers) are used to prevent any light from
leaking from the sides. For a wavelength around 405 nm
(filtering wavelength and the laser excitation wavelength), a
typical lateral dimension of 20 microns is typically sufficient
for the dummy silicon layer to perform the sealing function.
[0077] FIGS.10A and 10B depicts a photo-detector circuit
1000 which incorporates dark current compensation suitable
for use where fluorescence sensing system is designed to be
performed directly on a single chip (i.e. the filters and
photo-detection circuits are embedded monolithically). The
photo-detection circuit is designed to transfer a weak fluo-
rescence signal to an electrical signal. Preferably, the design
is sensitive, characterized by low noise, and operates effec-
tively over a large dynamic range. The simplified arrange-
ment shown in FIG. 10A comprises a differential photo
diode 1002, a transimpedance amplifier 1004 and a corre-
lated double sampling circuit 1006.

[0078] In an extremely low-level light detection system,
dark current not only severely limits the dynamic range of a
fluorescence imaging or detection system, but it also induces
non-negligible amounts of noise. In an embodiment, this
issue is addressed by designing the photo-sensitive area of
the photo diode to be divided alternatively into a plurality of
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modules—half of them form the “real” photo-detector that
detects the fluorescence signal, and the other half are cov-
ered by thick metal layers to serve as a “dummy” photo
diode. In operation, the dark current in the two photo diodes
should be very close to each other, in accordance with the
differential design. In the illustrative example of FIG. 10A,
the photo-sensitive areas of the photodiode are divided into
eight modules for each of the “real” and “dummy” detecting
functions, respectively.

[0079] Differential transimpedance amplifier 1004 sub-
tracts the dark current of the dummy photo diode from the
real one, which serves to increase the dynamic range. The
differential signal is further processed by the correlated
double sampling circuits 1006 (also designed to be differ-
ential) for purposes of noise reduction. The output of the
double sampling circuits is sent to external analog-to-digital
converters for further process and reading.

[0080] Each sensor site comprises of a sensing diode with
the nano-plasmonic filter and a reference diode which is
optically shielded. The differential diode structure is laid out
in an interdigitating fashion, and current compensation
circuit is introduced to reduce the influence of dark current.
This increasing the attainable integration time for low level
light detection. As an example, a differential diode structure
used in preliminary evaluation of the circuit 1000 measures
91.4 umx123 pm. The detected signal can be amplified by a
capacitive trans-impedance amplifier, operating in feedback
mode which eliminates the dependency of circuit’s respon-
sivity on the diode capacitance. Correlated double sampling
circuits further reduce the effect of correlated noise and
offsets.

[0081] Dark current compensation mechanisms according
to one or more embodiments are designed operate in the
following manner. After a voltage reset at the diode node, the
integration mode starts. Light induced photo-current dis-
charges the diode capacitor that results in the voltage change
at the diode node so as to be amplified and detected.
However, since the diode capacitor is always leaky, which
means even if the diodes (both reference and real) are in
absolute dark, after the switch reset, both will discharge due
to the leakage current I,, which results in the voltage drop
at both real and reference diode nodes. This voltage drop
over time eventually will render the voltage at the diode
nodes below the normal operation range of the TIA at the
next stage, thus limiting the maximum allowed integration
time (therefore, the detection limit). On the other hand, in
the integration mode, the two switch transistors (switch 1 as
shown in the figure) controlling the diodes are not com-
pletely turned off as any transistors will always have leakage
current I,. This leakage current essentially charges the diode
to compensate for the aforementioned diode leakage; there-
fore, it can improve the maximum integration time. If I,<I,,
then the switch 2 is always turned off so that the minimized
leakage current will be I,-1,. If I,>I,, then the switch 2 is
partially turned on (controlled by its gate voltage), so that
the voltage between the note at the middle of the two
transistor 1 and the diode node can be controlled, this
controls the leakage current from the switch 1 to diode note
to below I, and close to 1,, therefore, the net leakage at the
diode node can be minimum.

[0082] According to one or more embodiments, fully
integrated CMOS on-chip fluorescence sensing and micros-
copy systems are implemented using passive components
such as filters, wherein the filters are configured as sub-
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wavelength waveguide arrays, waveguide anomaly filters, or
meta-material structures. These systems overcome the defi-
ciencies associated with traditional, nonintegrated, non-
portable, bulky, and costly fluorescence sensors and micro-
scopes. By leveraging the low cost of CMOS mass
manufacturing, combining small device form factor and
design for performance and convenience, the disclosed
system serves as an extremely cost-effective and convenient
way for fluorescence bio-sensing and microscopy as a
point-of-care diagnostic tool for health monitoring and dis-
ease diagnoses.

[0083] State-of-the-art-custom CMOS imager process are
mostly backside illuminated, which removes the possibility
of employing the copper interconnects as optical compo-
nents. Standard digital/lRF CMOS processes do not have
validated photo-detector models.

[0084] FIGS. 11 and 12 are graphical representations of
sensor responsivity and sensitivity, respectively. Preliminary
measurement results with different forms of diode structures
(n-well/psub, p-well/n-well etc) have been carried out in a
65 nm CMOS fabrication process. A fabricated chip with
integrated nano-plasmonic filter shows the lowest measured
light level to be 39 pW (corresponding to 6.92 fA photo
current) in 780 nm wavelength (where linearity of the chip
response is still preserved. This comparatively lower than
expected performance is due to the following several fac-
tors: 1) the nano-plasmonic filter itself accounts for a larger
than 12 dB loss in the 780 nm region, 2) non-optimized
diode structure having a much lower responsivity. If the
sensitivity of the biosensor is limited by the emission filter
and stray light scattering, then the minimum detectable
analyte is independent of the of the diode quantum efficiency
and the common loss associated in the filter. This is because
both the excitation light and the fluorescence light are
affected by this. The measured spectral responsivity (405-
830 nm) and the sensitivity of the chip at the emission
wavelength of around 780 nm are shown in FIG. 11. As
expected, the responsivity resembles that of the filter and
47.6 dB filtering ratio was obtained for 405 nm excitation
wavelength and 780 nm emission wavelengths. For 780 nm
wavelength, highly linear response (photo current verses
incidence power) was measured over 82 dB dynamic range.
[0085] An end-end design process for a fully integrated
optical biosensor with an active bio-interface requires a
multi-disciplinary approach. This includes preparing the
interface with the bio-sample that involves functionalization
of chip surface (both for DNA and proteins, for example)
and sample (liquid) handling mechanism. This process has
to be co-designed with the optical and electronic signal
detection and processing.

[0086] FIG. 13A depicts an illustrative fluoroscopic detec-
tion system 1300 utilizing a multiplexed chip 1302. The
multiplexed chip 1302, comprising a plurality of the indi-
vidual sensors 1304 described above, is functionalized with
different probes at different sensor locations and the sample
of interest is allowed to incubate in contact with the probe.
The CMOS chip is fixed either in a chip carrier or directly
on the printed circuit board using conductive epoxy (such as
silver epoxy). Then the pads of the chip are wire connected
using wire bonder. All pads and wires are then protected
using adhesive but non-conductive materials such as silicone
(PDMS), this step is to prevent any conductive liquid during
the bio-assay process to short the chip by connecting dif-
ferent pads or wires. After the pads and wires are protected,
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a liquid handling chamber made of either glass of plastics is
placed. This chamber could either be custom made or a ring
shaped glass/plastic to hold the liquid. In the case that the
chip is placed on the chip carrier then the chip carrier on
PCB, the chip carrier along with the chip, the liquid handling
chamber is used in the form of a cartridge, which can be
replaced or disposed of after the detection mechanism.
[0087] FIG. 13B depicts a monolithically integrated fluo-
rescence imaging system 1300' constructed according to a
conventional semiconductor device fabrication technique
such, for example, as CMOS processing. In the exemplary
arrangement of FIG. 13B, the system 1300' comprises an
array 1340 of individual copper light guides 1342, which
array is dimensioned and arranged directly above an array
1350 of CMOS photo-detectors (image sensor) 1352.
[0088] Typically, the individual pixel size of each CMOS
image sensor 1352 is from about 2 to about 10 microns,
depending on the CMOS process and design. The light
guides 1342 are of similar dimensions. In an embodiment,
each light guide is fabricated from copper and has a rect-
angular cross sectional profile, which may or may not be a
square cross-section as suggested in FIG. 13B.

[0089] The wall thickness of each light guide 1342 is
typically thin (i.e., on the order of 100 nm). In many
commercial scale CMOS fabrication processes, nominal
dimensions such as these may not be practical to fabricate.
Modification of the design may be necessary to approximate
and/or emulate an idealized “hollow waveguide”.

[0090] In a CMOS process where a via layer of 100
nmx100 nm cross section is a design limitation, and the
array pitch is likewise 100 nm, sub-wavelength metallic
structures can be directly used to implement thin wall
“hollow waveguide”, since the sub-wavelength design char-
acteristically prevents photons in one light guide from
leaking to an adjacent structure. In addition, the light guide
needs to be as close to the image sensor 1352 and bio sample
as possible—the bio sample for imaging is prepared directly
on the top of the chip. Nonetheless there is still spacing
between the sample and the light guide, which would result
in the image blurring (similar argument holds for the spacing
between light guide and photo detector). Finally, robust
optical filters such as the sub-wavelength copper plasmonic
waveguide array and substrate based metamaterial filters can
be directly incorporated in the light guide. In the exemplary
embodiment of FIG. 13B, a spectral filter comprising an
array of sub-wavelength copper plasmonic waveguides 1345
(only one row of which is shown). The respective arrays of
light guides 1342, sub-wavelength copper plasmonic wave-
guides 1345, and sensors 1352 are fabricated according to
conventional CMOS techniques using, in an embodiment, a
silicon-based material system. Other semiconductor mate-
rial systems, with which spectral filters and other passive
components fabricated in accordance with the present dis-
closure are especially adapted for integration with sensing,
detecting or imaging devices fabricated from those materials
include GaAs, InP, and InGaAsP depending upon the nature
of the application.

[0091] As such, the monolithically integrated structure
1310 can directly function as an imaging system. In embodi-
ments, the spatial resolution of an image is primarily deter-
mined by the pixel pitch, and is generally, two to three times
the pitch. Since a 2-3 micron pixel pitch is common in
today’s CMOS image sensor designs, a spatial resolution
could be on the order of from about four to about nine
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microns. This moderate resolution is believed by the inven-
tors herein to be sufficient for many fluorescence imaging
applications.

[0092] FIGS. 13C and 13D depict the separation between
a sample under fluoroscopic investigation and an imaging
plane, according to one or more embodiments. With refer-
ence to FIG. 13B, the estimation and analysis of the effect
of the spacing h between the bio sample plane (also the
fluorophore plane) and the light guide array on the imaging
resolution will now be described with reference to the need
to distinguish between a pair of fluorophores with 3 pixels
in a row, where fluorophore F, and F, are each located
within the boundary of pixel P, and P;, respectively.
[0093] Where h is close to zero, then almost all the
radiation by fluorophore F, and F, enters the pixel P, and P,
respectively (i.e., no light is captured by pixel 2). This means
that the two fluorophores are clearly distinguishable (pixel
P, and P; are each detecting light while pixel P, remains
dark). A more complex question is the effect of a nonzero
value of h on imaging resolution. Expressing the problem
differently, if one desires to use three pixels to distinguish
two point sources, what is the maximum h allowed?
[0094] Since the imaging resolution depends on various
factors including the exact positions of the two fluorophores,
assumptions can be made during the modeling process of the
estimation. For purposes of analysis, it can be assumed (1)
that the fluorophores are isotropic point sources with equal
radiation strength, (2) that the efficiency of the light guide
for light with different incident angles are essentially the
same, and (3) that all the light at the end of the light guided
are collected by the con responding photo detectors under-
neath (no crosstalk between the light guide and the photo
detector).

[0095] Fixing the fluorophore F, at the center of the pixel
P, and changing the position of the fluorophore F, (within
the boundary of pixel P,), the requirement for the maximum
h can be identified. The limiting criterion is set that if the
total light intensity at the pixel P, is no more than half of the
total intensity at either pixel P, or pixel P;, then the two
fluorophores are distinguishable from one another. In the
extreme condition where fluorophore F, is very close to the
boundary of pixel P, and P5, h,,, ., must be very close to zero,
but generally, h<0.3L is a sufficient condition for fluoro-
phores at most locations.

[0096] FIG. 14 depicts the implementation of a sandwich
assay protocol on the surface of a CMOS sensor chip 1402
according to an embodiment. While the sensor could be
prepared for detection of either nucleic acid or proteins, an
example of an antibody/antigen detection is demonstrated in
FIG. 14. In an embodiment, a 1-2 um layer of Si,, is
deposited to the silicon-nitride surface of the chip using
chemical vapor deposition (CVD) method. To ensure a good
deposition within a low temperature, PECVD is typically
used. The deposition also reduces surface roughness. Then,
a protocol for functionalization of glass surface is followed.
An epoxy surface or silianization of the Si, is prepared to
allow the capture antibody to be covalently bonded to the
surface. The rest of the surface is then blocked to minimize
non-specific binding. In order to form different probes at
different sensing sites, a spotter (such as those used in the
DNA microarray) is used to deposit different probes on
different sites.

[0097] After the functionalization and probe forming, the
chip is incubated with the analyte of interest so that mostly
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the specific antigen of interest is captured by the surface. The
rest of the solution along with the nonspecific molecules is
washed away (using the inlet and outlet of the liquid
handling chamber) and the antigen is detected using a
fluorescence-labeled secondary antibody (could be the same
probe on the surface). When the assay is illuminated with an
inexpensive diode laser or LED source, the light emitted
from the tags is guided through the nanophotonic structures
and detected by the photodetectors.

[0098] FIG. 15 is a perspective view depicting a double
chip fluorescence microscopy system 1500 according to one
or more embodiments. A design procedure for the system
1500 includes a mechanical stage, which can be cost-
effectively made via techniques such as 3D printing, by
which two CMOS chips are mounted to support the bio-
sample. A lower substrate (e.g., a first chip) 1502 serves as
the detector array (image sensors) for microscopy, while a
upper substrate 1504 (i.e., a second chip) includes a lens
1506. The upper substrate is supported by supports 1508, to
which is secured a sample receiving tray 1509.

[0099] The lens 1506 works in reflection mode for imag-
ing and magnification, with optimized design to eliminate
various imaging aberrations. When the bio sample is illu-
minated by an external laser (not shown), the fluorescence
image is reflected, magnified, and imaged by the CMOS
metallic lens to the lower substrate, and resolved and
recorded by an array of high-sensitivity photo-detectors.
Since even in this configuration, astray or scattered laser
excitation light is often inevitable, a fully integrated filter as
described previously is again used to keep the laser excita-
tion signal away from the weak fluorescence signal.
[0100] In an embodiment, the lens 1506 of fluorescence
microscopy system 1500 is an enhanced Fresnel lens. In
some embodiments, the lens is a metallic structure compris-
ing either a series of concentric rings of wire, or a series of
arcuate or curved wire segments. Since wire is a commonly
used component in many device fabrications processes, such
lens configurations are inexpensive to manufacture—requir-
ing little to no modification of existing semiconductor
device processing and fabricating equipment. Where an
oxidizable metal such as copper, aluminum or silver is used,
the lens may be encapsulated with a dear, dielectric material
index matched to the application. Alternatively, a noble
metal such as gold or platinum may be used.

[0101] Working in the reflection mode (where the light
reflected from the metal wring interferes and focuses), the
lens can be compatibly manufactured (no post fabrication is
required), and offers compact system fOlm factor. More
importantly, the CMOS nanometer-scale resolution offers
unparalleled advantages to design and optimize the Fresnel
lens to eliminate aberrations as much as possible. Two stages
of design are proposed. First of all, the Fresnel lens is
designed to have a fixed imaging feature, specifically, this
means that the lens is designed in the framework of diffrac-
tion optics so that the imaging of the central point of the
object is “theoretically perfect”, with no approximations
made. Such design greatly improves the imaging quality of
the Fresnel lens. Furthermore, conventional aberration cor-
rection techniques can be used to further improve the
imaging quality, especially for multi-wavelength imaging as
well as off-axis imaging.

[0102] Light (e.g. from a laser source, not shown) is
directed at the sample 1510, which may be a bio-sample or
a chemical sample, placed on tray 1512. The light is then
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reflected by the sample and strikes lens 1506 which, in turn,
reflects that light toward the pixels of the sensor array of
lower substrate 1502 for detection, sensing and/or imaging
according to one or more embodiments.

[0103] The foregoing description, for purpose of explana-
tion, has been described with reference to specific embodi-
ments. However, the illustrative discussions above are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and variations
are possible in view of the above teachings. The embodi-
ments were chosen and described in order to best explain the
principles of the present disclosure and its practical appli-
cations, to thereby enable others skilled in the art to best
utilize the invention and various embodiments with various
modifications as may be suited to the particular use con-
templated.

[0104] All examples described herein are presented in a
non-limiting manner. Various modifications and changes
may be made as would be obvious to a person skilled in the
art having benefit of this disclosure. Realizations in accor-
dance with embodiments have been described in the context
of particular embodiments. These embodiments are meant to
be illustrative and not limiting. Many variations, modifica-
tions, additions, and improvements are possible. Accord-
ingly, plural instances may be provided for components
described herein as a single instance. Boundaries between
various components are somewhat arbitrary, and particular
structures and combinations of elements are illustrated in the
context of specific illustrative configurations. Other alloca-
tions of functionality are envisioned and may fall within the
scope of claims that follow. Finally, structures and function-
ality presented as discrete components in the example con-
figurations may be implemented as a combined structure or
component. These and other variations, modifications, addi-
tions, and improvements may fall within the scope of
embodiments as defined in the claims that follow.

[0105] While the foregoing is directed to embodiments of
the present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

1. A passive component for filtering light and for integra-
tion with at least one active semiconductor device, compris-
ing:

a plurality of metallic nanostructures arranged as to direct
propagation of light along a length of the plurality of
metallic nanostructures, while electric field is perpen-
dicular to the plurality of metallic nanostructures,

wherein the plurality of metallic nanostructures is
arranged as an array of structures.

2. The passive component of claim 1, wherein the array is

an mxn array and m or n is an integer greater than 1.

3. The passive component of claim 2, wherein the array
has uniform spacing between each waveguide.

4. The passive component of claim 1, wherein each of the
metallic nanostructures has a thickness of approximately
100 nm and lengths of approximately 1 or 2 microns.

5. The passive component of claim 4, wherein the spacing
between nanostructures in the plurality of metallic nano-
structures is approximately 100 nm.

6. The passive component of claim 4, wherein the spacing
between nanostructures in the plurality of metallic nano-
structures is approximately 130 nm.
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7. The passive component of claim 1, wherein the plu-
rality of metallic nanostructures comprises a meta material
structure, the meta material structure comprising at least one
slotted resonator.

8. The passive component according to claim 1, wherein
the plurality of metallic nanostructures serves as a grating.

9. The passive component according to claim 8, wherein
the grating is fabricated as a metal embedded in a dielectric
layer.

10. The passive component of claim 1, wherein each of
the metallic nanostructures has an approximate thickness
less than 100 nm.

11. A sensor comprising:

a passive component for filtering light comprising a

plurality of metallic nanostructures; and

an imaging plane for distinguishing one or more fluoro-

phores, the imaging plane coupled to the passive com-
ponent at a variable length, and the one or more
fluorophores having an excitation wavelength related to
ultraviolet-visible (UV-VIS) wavelengths capable of
being transmitted along a passive wavelength.

12. The sensor of claim 11, wherein the imaging plane is
located at a distance from the passive component, the
distance selected according to properties of the one or more
fluorophores.

13. The sensor of claim 11, further comprising an epoxy
surface that covalently bonds with molecules.

14. A method for preparing a sensor device for analyte
sensing, the method comprising:

depositing a first layer on a surface of the sensing device;

functionalizing the surface by preparing the surface of the

first layer to covalently bond with a known molecule
type;

incubating the sensing device with an analyte solution of

interest so that a specific molecule of interest is cap-
tured by the functionalized surface;

washing away the analyte solution of interest with non-

specific molecues;

detecting an antigen using a fluorescence-labeled second-

ary antibody; and
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illuminating the sensor device so that light is guided
through a plurality of nano-structures of the sensing
devices to be detected by photodetectors.

15. The method of claim 14, further comprising:

blocking a rest of the surface of the sensing device to
minimize non-specific binding.

16. The method of claim 15, further comprising:

detecting antigen using a fluorescence labeled secondary

antibody; and
depositing probes at one or more sensing sites using a
spotter.

17. The method of claim 14, further comprising illumi-
nating the sensor device using one of a diode laser or LED
source.

18. A system for fluorescence detection comprising:

at least one active component defined on a first substrate,

the at least one active component comprising a semi-
conductor device dimensioned and arranged to at least
one of detect or process radiation incident thereon; and

at least one passive component defined on a substrate, a

surface of the at least one passive component in contact
with one or more fluorophores, the at least one passive
component including at least one metallic structure
dimensioned and arranged to at least one of absorb or
reflect a major fraction of incident radiation, received at
one or more wavelengths of a first group of wave-
lengths, so as to prevent such major fraction of incident
radiation from being one of received or processed by
the at least one active component, or direct an amount
of incident radiation, received at one or more wave-
lengths of a second group of wavelengths, sufficient to
enable receiving or processing of incident radiation,
within the second group of wavelengths, by the at least
one active component.

19. The system of claim 18, wherein the at least one
passive component and at least one active component are
supported by the same substrate.

20. The system of claim 18, wherein the at least one
metallic structure comprises an mxn array of waveguides,
wherein at least one of m or n is an integer greater than 1.
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