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(57) ABSTRACT

An apparatus includes a sensor body, a circuit board, a cable,
at least one light emitting device, and at least one photode-
tector. The circuit board is enclosed within the sensor body
and includes at least one conductive trace and at least one
aperture. The cable is coupled to the at least one conductive
trace. The cable includes a shield conductor and a signal
conductor. The at least one light emitting device is coupled
to the circuit board and is configured to emit light into a
tissue. The at least one photodetector includes a planar
active area coupled to the circuit board and is configured to
provide an output signal based on light detected by the active
area. The planar active area is aligned with the aperture. The
output signal is coupled to the cable.
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1
NON-INVASIVE OPTICAL SENSOR

CLAIM OF PRIORITY

This patent application claims the benefit of priority,
under 35 U.S.C. Section 119(e), to Johnson et al., U.S.
Provisional Patent Application Ser. No. 61/045,180, entitled
“Non-Invasive Optical Sensor” filed on Apr. 15, 2008,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure is directed to in vivo optical
examination and monitoring of selected blood metabolites or
constituents in human and/or other living subjects. More
specifically, the present disclosure is directed to such exami-
nation and monitoring by transmitting selected wavelengths
of light into a given area of the patient, receiving the
resulting light as it leaves the patient, and analyzing the
received light to determine the desired data based on light
absorption.

BRIEF SUMMARY OF THE INVENTION

The present subject matter provides improvements in
optical sensor assemblies, particularly adapted for in vivo
use as the patient interface in a patient-monitoring apparatus
such as a cerebral or tissue oximeter. The present subject
matter relates generally to in vivo optical examination and
monitoring of selected blood metabolites or constituents in
human and/or other living subjects by transmitting selected
wavelengths of light into a given area of the patient, receiv-
ing the resulting light as it exits the patient, and analyzing
the received light to determine the desired constituent data
from which information such as blood oxygen saturation
may be determined.

One application and field of use of the present subject
matter is the non-invasive determination of tissue oxygen-
ation. A further extension of the technology is related to
non-invasive cerebral oximeter, by which blood oxygen
saturation in the brain may be non-invasively determined
through the use of an optical sensor having light emitters and
detectors that is applied to the forehead of the patient.

An example of the present subject matter provides an
apparatus for in vivo monitoring of blood metabolites such
as hemoglobin oxygen concentration in any of a plurality of
different regions of a patient through application of a novel
optical sensor assembly. The optical sensor assembly is
coupled to a control and processing device, such as a
monitor, that operates the sensor assembly to illuminate a
particular region within the patient associated with the
sensor assembly, detect and receive the light energy result-
ing from the illumination, convey signals corresponding to
the light energy so received, analyze the conveyed signals to
determine preselected blood metabolite data, and display the
data so obtained.

An apparatus in accordance with one embodiment of the
present subject matter provides an optical probe having a
flexible support or component-carrier and being adapted for
comfortably conforming to the shape of the patient’s cere-
brum or other such anatomical area.

The foregoing has outlined rather broadly the features and
technical advantages of the present subject matter in order
that the detailed description that follows may be better
understood. Additional features and advantages will be
described hereinafter which form the subject of the claims of
the invention. It should be appreciated by those skilled in the
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art that the conception and specific embodiment disclosed
may be readily utilized as a basis for modifying or designing
other structures for carrying out the same purposes. It should
also be realized by those skilled in the art that such equiva-
lent constructions do not depart from the spirit and scope of
the present subject matter as set forth in the appended
claims. The novel features which are believed to be char-
acteristic of the present subject matter, both as to its orga-
nization and method of operation, together with further
objects and advantages will be better understood from the
following description when considered in connection with
the accompanying figures. It is to be expressly understood,
however, that each of the figures is provided for the purpose
of illustration and description only and is not intended as a
definition of the limits of the present subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding, reference is now
made to the following descriptions taken in conjunction with
the accompanying drawing, in which:

FIG. 1A is a perspective illustration of application of a
sensor assembly in accordance with the present subject
matter.

FIG. 1B is a block diagram of a sensor assembly in
accordance with the present subject matter.

FIG. 2 is an exploded perspective view of a sensor
assembly.

FIG. 3 is a top plan view of the sensor assembly of FIG.
2.

FIG. 4 is an electrical schematic of the sensor assembly of
FIG. 2.

FIG. 5 is a perspective view of a planar photodetector.

FIG. 6 is a cross sectional view of the photodetector of
FIG. 5 taken along lines 6-6.

FIG. 7 is a cross sectional view of the sensor assembly of
FIG. 2 taken through a photodetector 40.

FIG. 8 is an enlarged portion of the view of FIG. 7.

FIG. 9 depicts a blanching structure of an embodiment of
the present subject matter as applied to a tissue site.

FIG. 10 is a top plan view of another embodiment of the
present subject matter.

DETAILED DESCRIPTION OF THE
INVENTION

A cerebral sensor assembly will be used by way of
example in portions of the following description. However,
it should be understood that other embodiments of the
present subject matter could as well be applied to other types
of physiological sensors, such as, for example, other types of
tissue oximetry sensors for use on other locations on human
and other living patients.

FIG. 1A is a pictorial showing of a setting in which the
sensor assembly, in accordance with the subject matter, can
be used, as part of an operative system for monitoring or
examining blood oxygen saturation of patients. For purposes
of the present disclosure, FIG. 1A shows a system 8A having
a sensor assembly 10 on a human patient 12 who is being
monitored by an oximetry monitor 14. Sensor assembly 10
is applied to the forehead of the patient 12 to optically access
an internal tissue volume or regional field within the cere-
brum, directly adjacent the point where sensor 10 is located,
but inside of the scalp, skull, and adjacent dura, i.e., within
the brain tissue itself. Sensor 10 is flexible and conforms to
the forehead surface of patient 12.
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The sensor assembly 10 is coupled to the oximetry
monitor 14 through a cable 19 which includes individual
conductors for energizing light emitters and operating the
related light detectors contained in sensor assembly 10. The
oximetry monitor 14, in this example, is a monitor on which
visual displays may be perceived. A variety of different
control and processing unit could also be implemented in a
different system utilizing the sensor assembly of the present
subject matter to provide oximetry or other physiological
information. Monitor 14 can, in one example include
memory for storage of data. In one example, monitor 14
does not include a visual display. The data stored in monitor
14 can be forwarded to another device or processor for
subsequent storage or processing. The data can be commu-
nicated by a wired link or by a wireless link.

FIG. 1B illustrates system 8B having intermediary pod
110. Pod 110 is coupled to sensor assembly 10 by cable 19,
as described elsewhere in this document. In one example,
cable 19 carries a low level signal. Pod 110, in the example
illustrated, includes processor 120, memory 115, and com-
munication module 125, however, other examples can
include more or less modules. Other modules also contem-
plated for pod 110 include an analog-to-digital converter
(ADC), a digital-to-analog converter (DAC), a filter, an
amplifier, and a power supply among others, some of which
can be in the form of a discrete component or be imple-
mented by means of processor 120. A power supply can
include a battery. Processor 120, in the example illustrated
includes programming (stored on memory 115) for execut-
ing an algorithm to evaluate or process data received from
sensor assembly 10. Memory 115, in one example, includes
storage for programming or instructions (for use by proces-
sor 120) and data corresponding to sensor assembly 10. In
one example, pod 110 is configured as a component of
monitor 14.

Communication module 125, in one example, includes a
wired or wireless telemetry module for communicating with
monitor 14 using communication link 130. For example,
communication module 125 can include a Bluetooth wire-
less module in which case communication link 130 includes
a radio frequency communication channel. Communication
module 125, and communication link 130 can be bidirec-
tional or unidirectional. In one example, communication
module 125 includes an interface to allow exchange of a
high level signal using a wired communication channel.

Generally speaking, the sensor assembly 10 includes an
elongated member with rounded corners, from which cable
19 extends outwardly. The particular embodiment of the
sensor assembly 10 shown in FIG. 2 comprises a laminar
“sandwich” construction and includes a cover layer 30
having, for example, a soft, flexible sheet of foam material
or the like and a frontal layer 32. Frontal layer 32 may be a
two-side adhesive layer or may be a combination of two-
sided adhesive with a light-blocking layer. Cover layer 30
may include a black PVC or polyethylene foam layer. An
electrical circuit board 34 is disposed between layers 30, 32.
The two layers 30, 32 are secured to circuit board 34, for
example, via adhesive.

Electro-optical devices including photodetectors 40 and
light emitting devices 42 are connected to circuit board 34.
The photodetectors 40 and light emitting devices 42 are
disposed in registration with appropriate apertures 50
extending through the circuit board 34 and frontal layer 32
and through which such optical components may access the
patient 12 (by emitting light which transmisses through the
scalp, skull and brain tissue of region, and then detecting

10

15

20

25

30

40

45

50

55

60

65

4

resultant light after it leaves such region and passes back out
of the patient through the skull and scalp, etc.).

The illustrated embodiment of sensor assembly 10
includes a pair of light emitting devices 42 and a pair of
photodetectors 40. The sensor assembly 10 and monitor 14
may include subject matter disclosed in U.S. patent appli-
cation Ser. No. 11/078,399, entitled In Vivo Blood Spec-
trometry, to P. Bernreuter, said application being incorpo-
rated by reference herein for all purposes.

In the illustrated embodiment, the electrical circuit board
34 is approximately the same size as the outer dimensions of
the cover layer 30 and frontal layer 32, which provide the
outwardly visible shape of sensor assembly 10. In alterna-
tive embodiments, the board 34 may sized differently than
the cover or frontal layers 30, 32.

Referring to FIG. 3, circuit board 34 can include a printed
circuit board having a support substrate and printed conduc-
tor traces 52 secured to one side. The photodetectors 40, as
well as the light emitting devices 42, are electrically con-
nected to the respective conductor traces 52. In one embodi-
ment, the circuit board 34 may be of a flexible type,
sometimes referred to as a flex circuit.

Separate copper shield elements 55 are positioned above
light detecting devices 40. Insulators 56, such as an adhesive
tape, electrically isolate shield elements 55 from the photo-
detectors 40. Circuit board 34 also defines a shield conductor
57 on the same plane as conductive traces 52. In the
illustrated embodiment, shield conductor 57 extends genet-
ally across the circuit board 34. Apertures 50 extend through
shield conductor 57. Foil shield elements 55, which may
include a copper tape, are electrically connected to shield
conductor 57 at multiple locations 58. These electrical
connections between shield elements 55 and shield conduc-
tor 57 may be via techniques including, but not limited to,
soldering, conductive epoxies, etc.

FIG. 4 illustrates an electrical schematic of an embodi-
ment of sensor 10. Cable 19 includes a pair of coaxial lines
61, 62 and a series of control lines connected to traces 52 at
locations 63A, 63B, 63C, and 63D shown in FIG. 3. The
shields of coaxial lines 61, 62 connect to shield conductor
57. The center conductors of coaxial lines 61, 62 connect to
cathode terminals T1 and are shielded by shield elements 55.
The conductor bundle of cable 19 can be in the form of a
shielded cable, i.e., having a metallic braid or mesh sleeve
65 which peripherally surrounds the electrical conductors
(which are mutually insulated from one another). Mesh
sleeve 65 is connected to a ring trace 66 at location 67. In
one example, location 67 includes a shield component. The
shield component can include a metal housing, a conductive
housing, or other structure to limit undesirable effects of
electromagnetic interference.

FIG. 5 is a perspective illustration of photodetector 40. In
one embodiment, photodetector 40 is a planar solderable
photodiode. Photodetectors 40 includes an anode terminal,
T2, and a cathode terminal, T1. In one example, an active
(sensing) area 51 is defined on the same side as anode
terminal, T2.

FIG. 6 is a cross sectional view of the photodetector 40 of
FIG. 5 taken along lines 6-6. FIG. 7 depicts a cross sectional
view taken through sensor assembly 10. FIG. 8 illustrates
detailed portion 85 (denoted by the dashed line circle) of
FIG. 7. As shown, photodetector 40 is directly connected to
shield 57 at terminal T2. The electrical connection can be via
solder, conductive epoxies, or other techniques. As shown in
FIGS. 2, 6 and 7, the photodetector 40 is larger in size than
apertures 50 of circuit board 34. In one embodiment, aper-
tures 50 are entirely covered by active areas 51 of the
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photodetectors 40. In one embodiment, photodetectors 40
are directly soldered to the shield conductor 57 at terminals
T2 and the overlying shield elements 55 are also soldered to
shield conductor 57 as shown in FIG. 3. In other embodi-
ments, photodetectors 40 may be operatively coupled to the
shield conductor 57 via techniques, such as conductive
epoxies.

FIG. 9 depicts another cross sectional view of sensor
assembly 10 wherein an optically transparent bump feature
80 extends from a lower surface of sensor 10 and is
positioned between a light emitting device and/or light
detector and tissue site 81. When sensor assembly 10 is
applied at tissue site 81, bump feature 80 functions to blanch
tissue immediately under the bump feature by applying an
increased pressure to the tissue. The blood-blanched tissue
reduces nearby light absorbance which in turn increases
signal quality. Bump feature 80 further functions to increase
the effective area for light to/from light emitting devices 42
and photodetectors 40 to enter and/or leave the tissue,
further increasing signal quality. Bump feature 80 may also
provide more consistent and reliable contact with the tissue
surface. Bump feature 80 is formed by clear molded plastic
or clear epoxy, encapsulant, or adhesive. Bump feature 80,
in one example, protrudes sufficiently from a surface of
sensor assembly 10 in order to blanch the tissue in the region
of interest.

In one embodiment, light emitting devices 42 are light
emitting diodes (LEDs). There may be several different
individual such LEDs, each for producing a specifically
selected different light wavelength. While it is also possible
to implement the present subject matter in other configura-
tions, e.g., with remotely located light-producing elements
and fiberoptic conductors and emitters, the configuration
illustrated provides certain advantages, particularly in con-
Junction with present-day LEDs, which can provide high
light intensity from a very small component with relatively
low excitation.

The relative separation (distance between) the light emit-
ting devices 42 and the photodetectors 40 relates to the
particular purpose, function and application of the system
which the sensor assembly 10 is to be used. In one example,
the relative separation (distance) effectively determine the
location and size of the particular internal region which is to
be selectably examined by the interrogating light wave-
lengths. In one embodiment, the distances between the
emitters and detectors are substantially equivalent. Addi-
tional details regarding spacing of the light emitting devices
42 relative to photodetectors 40 may be found in the
above-referenced application, U.S. Ser. No. 11/078,399.
However, in the broader aspects of the underlying subject
matter, various such distances may be determined and
specified without otherwise changing the overall nature of
the apparatus and methodology.

FIG. 10 illustrates another embodiment of the sensor
assembly 10. Relief features 70 are provided around the
perimeter of the sensor body to permit greater conformity to
a smaller or “spherically” shaped surface, such as a fore-
head. The relief features 70 can be located away from the
photodetectors 40 for improved immunity to ambient light.
Relief features 70 may include slits, slots, cut-outs, etc.

Further general aspects of the sensor assembly 10 include
the following. The frontal layer 32 may be of black, light-
absorbing material, in order to more effectively isolate
ambient light from the photodetectors, as well as to mini-
mize the possibility of surface leakage between light emit-
ting devices 42 and photodetectors 40. This helps ensure that
photons received by the detectors have actually transmissed
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the tissue of the patient, and thus carry desired information.
The cover layer 30 of the sensor assembly 10 can be opaque
to ambient light, i.e., is of dense black material such as a
sheet of polymeric foam material.

In the actual usage of the sensor assembly 10, it is applied
to anatomical surfaces which are not likely to be petfectly
flat, and which on the contrary are at least moderately
curved; in fact, such curvature is likely to be compound in
nature (i.e., not simply cylindrical), and the nature and
extent of such curvature will vary from patient to patient,
with a considerable degree of variation between some indi-
viduals.

An optical sensor assembly 10 of the present subject
matter has a photodetector 40 which is directly connected to
a shield conductor 57. In one example, the photodetector 40
is soldered directly to a shield conductor 57 proximate to an
aperture 50 of the shield conductor. The photodetector’s
active area 51 can be larger in size than the shield conductor
aperture 50. The shield conductor 57 may be defined as a
conductive layer of a flexible circuit board 34. In another
embodiment, the shield conductor 57 may be one side of an
enclosed structure, such as a hollow conductive box. By
mounting the active side 51 of photodetector 40 directly to
the shield conductor 57, deleterious effects of capacitive
coupling to the patient body or nearby objects can be
reduced or eliminated.

In one embodiment, the sampling rate of system 8A or
system 8B occurs at a subharmonic frequency of 50/60
hertz, such as 18.75 hertz. Sampling at such frequency
provides improved digital filter performance and interfer-
ence rejection.

In one embodiment, the sensor assembly 10 includes a
memory in which information related to the sensor’s use,
manufacture or condition may be stored. For example,
sensor assembly 10 may store sensor-specific spectral and/or
calibration information accessible to a remote monitor or
other control. Sensor assembly 10, pod 110, or both sensor
assembly 10 and pod 110 can incorporate subject matter
relating to on-sensor data storage disclosed in U.S. Ser. No.
11/039,760, entitled Sensor System with Memory and
Method of Using Same, incorporated by reference herein for
all purposes.

In another embodiment, the sensor body may be provided
in a more monolithic form, and even as a one-piece inte-
grally molded part, rather than in the illustrated layered
constructions. Such a one-piece structure may simplify
manufacturing, and may achieve other economies as well. In
one example, the electro-optical components are sealed in
place and not exposed to the environment, and may be
embedded integrally (with their connective wiring, shield-
ing, etc.) inside either an integrally molded or a permanently
joined and completely sealed laminate body structure.
Additional Notes

One embodiment of a sensor assembly includes a light
emitting device which emits light into a tissue field, a
photodiode having a generally planar active area and receiv-
ing some of the emitted light, and a flexible conductive
shield element conforming to a surface of said tissue field,
with the photodiode covering an aperture of the shield
element, and with an area of said aperture being smaller than
the photodiode active area.

One embodiment of the sensor assembly 10 has a con-
ductive shield element formed as a flex circuit. The sensor
assembly 10 has a photodiode terminal adjacent to the active
area, with the terminal being electrically connected to a
conductor of the shield element. The photodiode may be a
solderable photodiode. The conductive shield element is a
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flex circuit with a terminal of the photodiode directly
soldered to the conductive shield element proximate to the
aperture. The sensor assembly of the first embodiment
includes a second terminal on a photodiode side opposite the
active area. The second terminal in this embodiment is a
cathode terminal of the photodiode. The sensor assembly 10
has a flexible conductive foil-like shield secured over the
photodiode and being conductively connected to the shield
element. The sensor assembly also includes an insulator for
preventing electrical coupling between a cathode terminal of
the photodiode and the conductive cover. The sensor assem-
bly 10 has an adhesive layer for securing the sensor assem-
bly to the tissue field.
Although the present subject matter and some advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
invention. Moreovet, the scope of the present application is
not intended to be limited to the particular embodiments of
the process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from
the disclosure of the present subject matter, processes,
machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be developed
that perform substantially the same function or achieve
substantially the same result as the corresponding embodi-
ments described herein may be utilized according to the
present subject matter.
What is claimed is:
1. A system comprising:
a monitor; and
a sensor assembly coupled to the monitor by a cable, the
sensor assenibly including a circuit board electrically
coupled to at least one light emitting device and
coupled to at least one photodetector, the at least one
light emitting device configured to emit light into a
tissue and the at least one photodetector configured to
provide an output signal on a cathode terminal of the at
least one photodetector, the output signal based on light
detected by a planar active area of the at least one
photodetector, the planar active area aligned with an
aperture in a conductor of the circuit board, the con-
ductor electrically connected to an anode terminal on a
side of the planar active area of the photodetector; and

wherein the monitor is configured to receive data corre-
sponding to the output signal and corresponding to at
least one of oximetry information for the tissue and
physiological information for the tissue.

2. The system of claim 1 wherein the sensor assembly
includes a perimeter and a plurality of relief features dis-
tributed about the perimeter.

3. The system of claim 1 wherein the sensor assembly is
configured to couple with a spherically shaped surface.

4. The system of claim 1 wherein the sensor assembly
includes a bump feature on a surface, the bump feature
configured to blanch a region of the tissue.

5. The system of claim 1 wherein the at least one light
emitting device includes a fiber optic element.

6. The system of claim 1 wherein the at least one light
emitting device includes a light emitting diode (LED).

7. The system of claim 1 wherein the circuit board
includes a flexible circuit board.

8. The system claim 1 wherein the at least one photode-
tector is soldered to the conductor.

9. The system of claim 1 wherein the at least one
photodetector is affixed to the circuit board by an adhesive.
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10. The system of claim 1 wherein the monitor includes
a visual display.

11. The system of claim 1 further including a pod coupled
to the cable, the pod having a memory configured to store
data corresponding to the sensor assembly.

12. The system of claim 11 wherein the pod includes a
processor and wherein the memory is configured to store
executable instructions for the processor.

13. The system of claim 11 wherein the pod includes a
communication module configured to communicate with the
monitor.

14. The system of claim 13 wherein the communication
module is configured for wireless communication.

15. An apparatus comprising:

a sensor body;

a circuit board enclosed within the sensor body, the circuit
board having at least one conductive trace and the
conductive trace having at least one aperture;

a cable coupled to the at least one conductive trace, the
cable having a shield conductor and a signal conductor;

at least one light emitting device coupled to the circuit
board, the at least one light emitting device configured
to emit light into a tissue;

at least one photodetector having an anode terminal on a
side of a planar active area coupled to the conductive
trace, the at least one photodetector configured to
provide an output signal on a cathode terminal of the at
least one photodetector, the output signal based on light
detected by the planar active area, the planar active area
aligned with the aperture and the anode terminal elec-
trically connected to the shield conductor; and

wherein the cathode terminal is electrically connected to
the signal conductor.

16. The apparatus of claim 15 wherein the sensor body
includes a perimeter and a plurality of relief features dis-
tributed about the perimeter.

17. The apparatus of claim 15 wherein a surface of the
sensor body includes foam.

18. The apparatus of claim 17 wherein the foam is black.

19. The apparatus of claim 15 wherein a surface of the
sensor body includes an adhesive.

20. The apparatus of claim 15 wherein an end of the cable
is configured to couple with a monitor.

21. The apparatus of claim 15 further including a con-
ductive adhesive connection to the at least one conductive
trace.

22. The apparatus of claim 15 further including a solder
connection to the at least one conductive trace.

23. The apparatus of claim 15 wherein the circuit board
includes a flexible circuit board.

24. The apparatus of claim 15 wherein the sensor body is
configured to couple with a spherically shaped surface.

25. The apparatus of claim 15 wherein the sensor body
includes a bump feature on a surface, the bump feature
configured to blanch a region of the tissue.

26. The apparatus of claim 15 wherein the at least one
light emitting device includes a fiber optic element.

27. The apparatus of claim 15 wherein the at least one
light emitting device includes a light emitting diode (LED).

28. The apparatus of claim 15 wherein the at least one
photodetector is soldered to the circuit board.

29. The apparatus of claim 15 wherein the at least one
photodetector is affixed to the circuit hoard by an adhesive.

30. A method comprising:

coupling at least one light emitting device to a circuit
board;
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coupling a photodetector to the circuit board, the photo-
detector having an anode terminal on a side of a planar
active area, the planar active area aligned with an
aperture of the circuit board and aligned with an
aperture of a shield conductor of the circuit board, and
the anode terminal electrically connected to the shield
conductor of the circuit board, and the photodetector
having a cathode terminal configured to provide an
output signal based on light detected by the planar
active area;
coupling a shield of a cable to the shield conductor of the
circuit board and coupling a signal conductor of the
cable to the cathode terminal; and
assembling the circuit board to a sensor body, the sensor
body having an adhesive surface.
31. The method of claim 30 further including forming at
least one relief feature at a perimeter of the sensor body.
32. The method of claim 30 further including forming a
bump feature on a surface of the sensor body, the bump
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feature configured to blanch a region of tissue when the
sensor body is affixed to the tissue.

33. The method of claim 30 wherein coupling the at least
one light emitting diode includes forming at least one of a
conductive adhesive joint and a soldered joint.

34. The method of claim 30 wherein coupling the at least
one photodetector includes forming at least one of a con-
ductive adhesive joint and a soldered joint.

35. The system of claim 1 further comprising;

an insulator disposed on the at least one photodetector;

a conductive shield tape electrically connected to the
conductor, the conductive shield tape configured to
overlay the at least one photodetector and the insulator,
and wherein the insulator is configured to electrically
isolate the at least one photodetector from the conduc-
tive shield tape.
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