
CONCENTRIC ARCHITECTURE FOR OPTICAL SENSING 

CROSS-RELATED APPLICATIONS 

[0001] 	This application claims benefit of U.S. Provisional Patent Application No. 

62/563,594, filed September 26, 2017, the entire disclosure of which is incorporated 

herein by reference for all purposes. 

FIELD 

[0002] 	This relates generally to architectures for optical sensing. More particularly, 

the disclosure relates to architectures for an optical sensing unit including a plurality of 

light detectors arranged in a concentric manner around a plurality of light emitters. 

BACKGROUND 

[0003] 	A photoplethysmogram (PPG) signal can be measured by optical sensing 

systems to derive corresponding physiological signals (e.g., pulse rate). In a basic form, 

the optical sensing systems can employ a light emitter that emits light through an aperture 

and/or window into the user's tissue. In addition, a light detector can be included to 

receive light through an aperture and/or window. The light received by the light detector 

can be light that has returned (e.g., reflected or scattered) and exited the tissue. In some 

instances, optical losses due to one or more components in the system may affect the 

determination of the user's physiological information. 

SUMMARY 

[0004] 	This disclosure relates to an electronic device configured for optical sensing 

having a concentric architecture and methods for operation thereof. The concentric 

architecture can include a plurality of light detectors arranged in a concentric manner 

around a plurality of light emitters. The plurality of light emitters can include a plurality 

of first light emitters emitting at a first wavelength range (e.g., visible wavelengths) and 

one or more second light emitters emitting at a second wavelength range (e.g., infrared 

wavelengths). In some examples, at least one second light emitter can be located in the 
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center of the device, and each light detector can be located the same separation distance 

from the at least one second light emitter. Each light detector can be arranged such that 

the separation distance from the centrally located second light emitter can be greater than 

the separation distance from a first light emitter. 

[0005] 	Examples of the disclosure further include a selective transparent layer 

overlaying the plurality of light detectors. The selective transparent layer can include a 

plurality of first sections transparent to a second wavelength range (e.g., infrared 

wavelengths) and non-transparent to a first wavelength ranges (e.g., visible wavelengths). 

The selective transparent layer can further include a plurality of second sections 

transparent to the second wavelength range. In some examples, a Fresnel lens can be 

located in a corresponding region of the first and second light emitters. The Fresnel lens 

can include a plurality of regions, such as a first region and a second region. The first 

region can be located in the field of view(s) of the first light emitter(s), and the second 

region can be located in the field of view(s) of the second light emitter(s). The plurality of 

regions of the Fresnel lens may have different optical (e.g., percent transmission, amount 

of collimation, etc.) properties. 

[0006] 	Methods for operating the optical sensing unit can include associating the 

plurality of light detectors to one or more channels. Each light emitter is sequentially 

activated to emit light, and the one or more channels can further sequentially measure light 

from the given light emitter. In some examples, the association of the one or more 

channels can be dynamically changed. For example, during a first time, all of the plurality 

of light detectors can be associated to a single channel. The system can dynamically 

change, during a second time, to the plurality of light detectors being associated to 

multiple channels. In some examples, the device can be configured to perform multiple 

measurement types (e.g., primary and secondary measurements) as part of a sampling 

procedure, where the primary measurements can include readings using a first set of 

operating conditions of the PPG sensor unit, and the secondary measurements can use a 

different second set of operating conditions of the PPG sensor unit. The single channel 

can be used for the primary measurements, and the multiple channels can be used for the 

secondary measurements, for example. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] 	FIGs. 1A-1C illustrate systems in which examples of the disclosure can be 

implemented. 

[0008] 	FIG. 2A illustrates a top view of an exemplary electronic device including a 

concentric architecture for optical sensing according to examples of the disclosure. 

[0009] 	FIG. 2B illustrates the cross-sectional view of FIG. 2A along line I-II 

according to examples of the disclosure. 

[0010] 	FIG. 2C illustrates a top view of an exemplary concentric architecture 

including a selective transparent layer overlaid according to examples of the disclosure. 

[0011] 	FIG. 2D illustrates an enlarged view of an exemplary selective transparent 

layer overlaying a single light detector according to examples of the disclosure. 

[0012] 	FIG. 2E illustrates a cross-sectional view of an exemplary electronic dev ice 

including a concentric architecture and a retroreflector according to examples of the 

disclosure. 

[0013] 	FIG. 2F illustrates a cross-sectional view of an exemplary electronic dev ice 

including a concentric architecture, a retroreflector, and an opaque mask according to 

examples of the disclosure. 

[0014] 	FIG. 2G-2H illustrate cross-sectional and top views, respectively, of an 

exemplary electronic device including a lens with multiple regions according to examples 

of the disclosure. 

[0015] 	FIG. 3 illustrates an exemplary process flow using a binning technique for one 

or more channels according to examples of the disclosure. 

[0016] 	FIGs. 4A-4E illustrate exemplary associations of the light detectors to channels 

according to examples of the disclosure. 

[0017] 	FIG. 5 illustrates an exemplary block diagram of a computing system 

comprising light emitters and light detectors for measuring a signal associated with a 

user's physiological state according to examples of the disclosure. 

[0018] 	FIG. 6 illustrates an exemplary configuration in which an electronic device is 

connected to a host according to examples of the disclosure. 
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DETAILED DESCRIPTION 

[0019] 	In the following description of examples, reference is made to the 

accompanying drawings in which it is shown by way of illustration specific examples that 

can be practiced. It is to be understood that other examples can be used and structural 

changes can be made without departing from the scope of the various examples. 

Numerous specific details are set forth in order to provide a thorough understanding of one 

or more aspects and/or features described or referenced herein. It will be apparent, 

however, to one skilled in the art, that one or more aspects and/or features described or 

referenced herein may be practiced without some or all of these specific details. In other 

instances, well-known process steps and/or structures have not been described in detail in 

order to not obscure some of the aspects and/or features described or referenced herein. 

[0020] 	A photoplethysmographic (PPG) signal can be measured by an optical sensing 

system to derive corresponding physiological signals (e.g., pulse rate). Such optical 

sensing systems can be designed to be sensitive to changes in a user's tissue that can result 

from fluctuations in the amount or volume of blood or blood oxygen in the vasculature of 

the user. In a basic form, optical sensing systems can employ a light emitter or light 

emitter that emits light through an aperture and/or window into the user's tissue. The 

system can further include a light detector to receive return light (i.e., light that has 

reflected and/or scattered and exited the tissue) through the same or another aperture 

and/or window. The PPG signal is the amplitude of return light that is modulated with 

volumetric change in blood volume in the tissue. The light emitters and light emitters in 

the optical sensing system can be arranged in a concentric architecture. 

[0021] 	This disclosure relates to an electronic device configured for optical sensing 

having a concentric architecture and methods for operation thereof. The concentric 

architecture can include a plurality of light detectors arranged in a concentric manner 

around a plurality of light emitters. The plurality of light emitters can include a plurality 

of first light emitters emitting at a first wavelength range (e.g., visible wavelengths) and 

one or more second light emitters emitting at a second wavelength range (e.g., infrared 

wavelengths). In some examples, at least one second light emitter can be located in the 

center of the device, and each light detector can be located the same separation distance 

from the at least one second light emitter. Each light detector can be arranged such that 
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the separation distance from the centrally located second light emitter can be greater than 

the separation distance from a first light emitter. 

[0022] 	Examples of the disclosure further include a selective transparent layer 

overlaying the plurality of light detectors. The selective transparent layer can include a 

plurality of first sections transparent to a second wavelength range (e.g., infrared 

wavelengths) and at least partially non-transparent to a first wavelength ranges (e.g., 

visible wavelengths). The selective transparent layer can further include a plurality of 

second sections transparent to the second wavelength range. In some examples, a Fresnel 

lens can be located in a corresponding region of the first and second light emitters. The 

Fresnel lens can include a plurality of regions, such as a first region and a second region. 

The first region can be located in the field of view(s) of the first light emitter(s), and the 

second region can be located in the field of view(s) of the second light emitter(s). The 

plurality of regions of the Fresnel lens may have different optical (e.g., percent 

transmission, amount of collimation, etc.) properties. 

[0023] 	Methods for operating the optical sensing unit can include associating the 

plurality of light detectors to one or more channels. Each light emitter is sequentially 

activated to emit light, and the one or more channels can further sequentially measure light 

from the given light emitter. In some examples, the association of the one or more 

channels can be dynamically changed. For example, during a first time, all of the plurality 

of light detectors can be associated to a single channel. The system can dynamically 

change, during a second time, to the plurality of light detectors being associated to 

multiple channels. In some examples, the device can be configured to perform multiple 

measurement types (e.g., primary and secondary measurements) as part of a sampling 

procedure, where the primary measurements can include readings using a first set of 

operating conditions of the PPG sensor unit, and the secondary measurements can use a 

different second set of operating conditions of the PPG sensor unit. The single channel 

can be used for the primary measurements, and the multiple channels can be used for the 

secondary measurements, for example. 

[0024] 	Representative applications of the apparatus and methods according to the 

present disclosure are described in this section. These examples are being provided solely 

to add context and aid in the understanding of the described examples. It will thus be 

apparent to one skilled in the art that the described examples may be practiced without 
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some or all of the specific details. Other applications are possible, such that the following 

examples should not be taken as limiting. 

[0025] 	FIGs. 1A-1C illustrate systems in which examples of the disclosure can be 

implemented. FIG. lA illustrates an exemplary mobile telephone 136 that can include a 

touch screen 124. FIG. 1B illustrates an exemplary media player 140 that can include a 

touch screen 126. FIG. 1C illustrates an exemplary wearable device 144 that can include a 

touch screen 128 and can be attached to a user using a strap 146. The systems of FIGs. 

1A-1C can utilize the optical layers, the optical films, the lenses, the window systems, the 

concentric architecture, and/or methods for detecting a PPG signal as will be disclosed. 

[0026] 	Exemplary configuration of the optical sensing unit 

[0027] 	FIG. 2A illustrates a top view of an exemplary electronic device including a 

concentric architecture for optical sensing according to examples of the disclosure. The 

top view in FIG. 2A can be viewed as the underside of wearable device 144 of FIG. 1C, 

for example. Further, the top view in FIG. 2A includes a partial top view of device 

without a selective transparent layer (discussed below) overlaid. 

[0028] 	Device 200 can include a plurality of light detectors 204A, 204B, 204C, 204D, 

204E, 204F, 204G, and 204H (collectively referred to as plurality of light detectors 204); a 

plurality of first light emitters 206A, 206B, 206C, and 206D (collectively referred to as 

plurality of first light emitters 206); and a plurality of second light emitters 208A and 

208B (collectively referred to as plurality of second light emitters 208). The device 200 

can be situated such that the plurality of light detectors 204, the plurality of first light 

emitters 206, and second light emitter 208 are proximate to the user's skin. For example, 

the device 200 can be held in a user's hand or strapped to a user's wrist, among other 

possibilities. 

[0029] 	The device can include a plurality of regions such as the center region 209 and 

the peripheral region 205. The center region 209 can be separated from the peripheral 

region 205 by an optical isolation (e.g., optical isolation 216), where the peripheral region 

205 can be located closer to the edges (e.g., edge 201C) of the device 200 than the center 

region 209. For example, the center region 209 can include a plurality of light emitters 

(e.g., first light emitters 206 and second light emitters 208). In some examples, the 

plurality of first light emitters 206 can be located closer to the peripheral region than at 

least one second light emitter 208 (e.g., second light emitter 208A). In some examples, at 
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least one second light emitter 208 (e.g., second light emitter 208A) can be located in the 

center of the center region 209. In some examples, the plurality of first light emitters 206 

can be configured to emit a different range(s) of wavelengths (e.g., green wavelengths) 

than the second light emitter(s) 208 (e.g., second light emitters can be configured to emit 

infrared wavelengths). The peripheral region 205 can partially or entirely surround the 

center region 209. 

[0030] 	In some examples, the separation distances and locations of the light detectors 

and light emitters can optimized for different types of measurements (e.g., primary and 

secondary measurements). For example, the second light emitter 208A can be located in 

the center of device 200 and can be configured to emit infrared light for detecting one type 

of information. The center of device 200 can be such that the distances from second light 

emitter 208A to the edges of device 200 along the same direction (e.g., left-to-right and/or 

top-to-bottom) are the same. For example, the distance from the top edge 201A of the 

device and second light emitter 208A can be the same as the distance from the bottom 

edge 201B of the device. The distance from the left edge 201C of the device and second 

light emitter 208A can be the same as the distance from the right edge 201D of the device. 

Optionally, device 200 can include second light emitter 208B also used for detecting the 

same type of information as the second light emitter 208A. 

[0031] 	The plurality of first light emitters 206 can be placed closer to the peripheral 

region 205. For example, the plurality of first light emitters 206 can include four light 

emitters: first light emitter 206A, first light emitter 206B, first light emitter 206C, and first 

light emitter 206D, which can be arranged to form a square, rectangle, quadrilateral, or the 

like. For example, the plurality of first light emitters 206 can be arranged in a square 

where the separation distances between first light emitter 206A and first light emitter 

206B, between first light emitter 206B and first light emitter 206C, between first light 

emitter 206C and first light emitter 206D, and between first light emitter 206D and first 

light emitter 206A can be the same. In some examples, the separation distances between 

each first light emitter 206 and the center second light emitter 208A can be the same. 

Although the figure illustrates the plurality of first light emitters 206 as located the same 

separation distance from optical isolation 216, examples of the disclosure can include the 

light emitters being separated at varying distances. Further, examples of the disclosure are 

not limited to the light emitters located in a square-like arrangement, and pairs of first and 

second light emitters are not limited to having the same separation distances. 
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[0032] 	The peripheral region 205 can be located around (partially or entirely) the 

center region 209. The plurality of light detectors 204 can be radially arranged in the 

peripheral region 205. In some examples, a radial arrangement can include the plurality of 

light detectors 204 as oriented with an angle of a given edge dependent on the location in 

the peripheral region 205, where each light detector 204 has the same or similar shape. 

For example, an angle of a top edge 214 (e.g., edge of the light detector closest to the 

edges of the device) of light detector 204A and light detector 204E can be at 0°. Top edge 

214 of light detector 204B and/or light detector 204F can be 45° relative to the top edge 

214 of light detector 204A and/or light detector 204E. Top edge 214 of light detector 

204D and/or light detector 204H can be -45° relative to the top edge 214 of light detector 

204A and/or light detector 204E. Top edge 214 of light detector 204C and/or light 

detector 204G can be 90° or -90° relative to top edge 214 of light detector 204A and/or 

light detector 204E. In this manner, the top edges 214 of two or more light detectors 204 

can have different angles of orientation. 

[0033] 	The relative arrangement of the light emitters and light detectors can be such 

that the distance (i.e., separation distance D2) between a first light emitter 206 (e.g., first 

light emitter 206A) and its closest light detector 204 (e.g., light detector 204A) can be less 

than the distance (i.e., separation distance Di) between a second light emitter 208 (e.g., 

second light emitter 208A) and the same light detector 204. In instances, the first light 

emitter 206A can be a LED that emits visible light (e.g., green light) that has a separation 

distance D2 to one light detector 204A that is shorter than the separation distances to the 

other light detectors, such as the light detectors 204B-204H. The term "separation 

distance" means the distance measured from the center of one component to the center of 

the other component. In some examples, the separation distance between a first light 

emitter 206 and its closest neighboring light detectors 204 can be the same. Additionally, 

the distance (e.g., separation distance D3) between the same closest first light emitter 206 

(e.g., first light emitter 206A) and another light detector (e.g., light detector 204E) can be 

greater than both the separation distance D1  and the separation distance D2, as illustrated in 

the figure. 

[0034] 	In some examples, the second light emitter 208A can be an infrared light 

emitter configured for one type of measurement, and the first light emitter 206A can be a 

visible (e.g., green wavelengths) light emitter configured for another type of measurement. 

In some examples, the light detectors associated with the separation distance D1  and the 
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separation distance D3 can have the same angle of orientation. For example, the light 

detector 204A and the light detector 204E can both have a top edge 214 orientated at 0°. 

[0035] 	In some examples, each light detector can be configured such that an edge 

"aligns" with a light emitter. For example, the center of the first light emitter 206A can be 

along the same y-plane as the center of the light detector 204A. In this manner, the 

separation distance D2 between centers of a first light emitter (e.g., the first light emitter 

206A) and its closest light detector (e.g., light detector 204A) is less than the separation 

distances between the center of the same first light emitter and others of the plurality of 

light detectors 204. 

[0036] 	In other examples, the first light emitter 206A can be located between the 

edges of adjacent light detectors 204A and 204H, as shown in FIG. 2C. That is, the radial 

angle of first light emitter 206A can be the same as the radial angle of the edges of light 

detector 204A and light detector 204H. In this manner, the separation distances between 

the center of a light emitter (e.g., first light emitter 206A) and the center of its two closest 

light detectors (e.g., light detector 204A and 204H and/or two adjacent light detectors) can 

be the same. Although the figure illustrates eight light detectors 204 and four first light 

emitters 206, examples of the disclosure can include any number of light detectors and any 

number of light emitters. Further, although the figure illustrates the light detectors 204 as 

having rectangular-shaped detection areas and the light emitters as having square-shared 

emitting areas, examples of the disclosure can include any shape. 

[0037] 	The device 200 can include one or more components for enhanced optical 

collection, signal generation, and/or reduced noise. FIG. 2B illustrates the cross-sectional 

view of FIG. 2A along line I-II. The one or more components can include optical isolation 

216, optical film 240, and Fresnel lens 242. To prevent or reduce optical crosstalk 

between the plurality of light detectors 204 and the plurality of first light emitters 206, 

optical isolation 216 can be a wall located between the plurality of light detectors 204 and 

the plurality of first light emitters 206. The optical isolation 216 can thereby define the 

cavity of the light emitters, separate from the cavity or cavities of the light detectors. The 

optical isolation 216 can be located in the center region 209 and/or in the peripheral region 

205. In some examples, the optical isolation 216 located in center region 209 can include 

the same material (or be formed from a continuous piece of material) as included in the 

optical isolation 216 located in peripheral region 205. In some instances, the optical 

isolation 216 can be a concentric ring. In some examples, the optical isolation 216 may be 
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different from other types of isolation that may be included in the device. Optical 

isolation 216 may collectively form at least two cavities which the light emitters and light 

sensors may be located within. Other types of isolation may include, but are not limited 

to, optical, electrical, and/or mechanical isolation of the optical sensing system from other 

components (e.g., a display or a touch screen) included in the device. 

[0038] 	The optical film 240 can be a film configured for light restriction (discussed in 

detail below). The optical film 240 can at least partially overlay the section of window 

203 corresponding to light passing through to at least one light detector 204. In some 

examples, device 200 can include one section of optical film 240 disposed over each light 

detector 204. The optical film 240 can have other arrangements such as being attached to 

a window, being disposed on a window, being disposed on a detector, and the like. In 

some examples, a single (e.g., ring-shaped) optical film 240 can be disposed over a 

plurality (including all) of light detectors 204. In some examples, the edges of optical film 

240 can extend to (e.g., contact) the optical isolation 216. 

[0039] 	The Fresnel lens 242 can be a lens configured to direct and/or focus light 

emitted by the light emitters. The Fresnel lens 242 can at least partially overlay the 

section of window 203 corresponding to light passing through from the plurality of first 

light emitters 206 and/or the second light emitter(s) 208. That is, the Fresnel lens 242 can 

be located in the field of view of the plurality of first light emitters 206 and the field of 

view of the plurality of second light emitters 208. The Fresnel lens 242 can be configured 

for one or more targeted types of measurements. In some examples, the Fresnel lens 242 

can be configured for obscuration of the light emitters. For example, the features of the 

Fresnel lens 242 can be based on achieving optimal measurements associated with the 

second light emitter 208 and associated with the plurality of first light emitters 206, while 

also reducing the visibility of the light emitters. 

[0040] 	Additionally, device 200 can include one or more layers for reducing visibility 

of other components. Opaque mask 219 can be configured to reduce visibility optical 

isolation 216 and/or the edge of optical film 240 by being opaque at one or more 

wavelengths (e.g., the wavelengths being measured by the device). In some examples, a 

portion of opaque mask 219 can extend past the walls of the cavities (e.g., created by 

optical isolation 216). In some examples, the opaque mask 219 and the optical isolation 

216 can include the same materials and/or functions (e.g., act as an optical isolation and/or 

cosmetic layer). At least one end of the opaque mask 219 and/or the optical isolation 216 
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can be located at or in close proximity to the internal surface (i.e., surface furthest from the 

exterior surface of the housing of device 200) of window 203. The device 200 further can 

include an adhesive 215 configured to adhere one or more components (e.g., optical film 

240, opaque mask 219, etc.) to the window 203. 

[0041] 	FIG. 2C illustrates a top view of the concentric architecture including the 

selective transparent layer overlaid according to examples of the disclosure. FIG. 2D 

illustrates an enlarged view of the selective transparent layer overlaying a single light 

detector according to examples of the disclosure. A selective transparent layer 210 can be 

located in a peripheral region (e.g., peripheral region 205 illustrated in FIG. 2A). The 

selective transparent layer 210 can be configured to conceal routing traces and the contact 

pads 212 and/or edges of the plurality of light detectors 204. In this manner, the selective 

transparent layer 210 can be located between the optical film 240 and the adhesive 215. 

The selective transparent layer 210 can include one or more first sections 211A of material 

that is at least partially transparent to a second wavelength range (e.g., infrared 

wavelengths) of light, wherein the transparency can be configured to allow light to reach 

the plurality of light detectors 204 for, e.g., a secondary measurement. The selective 

transparent layer 210 can also include one or more second sections 211B overlaying a 

central portion of each light detector 204 to allow light of a first wavelength range (e.g., 

visible wavelengths) to reach the plurality of light detectors 204 for, e.g., a primary 

measurements. The one or more second sections 211B overlaying the central portion can 

include material transparent to the second wavelength range or may be omitted material 

(e.g., an opening). In some instances, the one or more second sections 211B can also be 

transparent to the first wavelength range. 

[0042] 	In some examples, the first section(s) 211A can be partially transparent (i.e., 

partially blocks) a first wavelength range and fully transparent to a second wavelength 

range. 

[0043] 	The selective transparent layer 210 can be located anywhere in the field of 

view of the plurality of light detectors 204. For example, the selective transparent layer 

210 can be located between the optical film 240 and the window 203. Examples of the 

disclosure can include the selective transparent layer 210 as being a layer separate from 

the windows 203. In other instances, the selective transparent layer 210 can be formed in 

the window 203. 
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[0044] 	In some examples, the device can include one or more components configured 

to redirect light that may not include physiological information, thereby preventing the 

unwanted light from reaching the light detector. FIG. 2E illustrates a cross-sectional view 

of an exemplary electronic device including a concentric architecture and a retroreflector 

according to examples of the disclosure. The device 200 can include a retroreflector 233 

located proximate to the optical isolation 216. In some instances, the retroreflector 233 

may be implemented as a component of the optical sensing unit. The retroreflector 233 

can replace the opaque mask 219 illustrated in FIG. 2C and can be located between the 

center region 209 (including the first light emitters 206 and the second light emitters 208) 

and the peripheral region 205 (including the light detectors 204). The retroreflector 233 

may be a ring or an arc that is located around the center region 209. Alternatively, the 

retroreflector 233 can be located in one or more sections of the ring, while an opaque mask 

(e.g., opaque mask 219) can be located in one or more other sections of the ring. In some 

examples, one or more sections of the ring may not include a retroreflector 233 or an 

opaque mask 219. 

[0045] 	The retroreflector 233 can be a component capable of reflecting light back 

along a direction that is parallel or nearly parallel to, but opposite in direction from its 

origin, irrespective of the angle of incidence. For example, light from the light emitters 

206 may reflect off an interface (e.g., the outer surface, which may be the surface opposite 

the retroreflector 233) of the window 203. The light may reach the light detector 204 

without interacting with the sample, and thus may not include physiological information. 

Instead of allowing the light to reach the light detector 204, the retroreflector 233 may 

reflect the light back to the interface (e.g., in the direction away from the light detector 

204). 

[0046] 	In some examples, the retroreflector can include one or more features having 

properties (e.g., 20 degrees, 60 degrees, 90 degrees, etc.) configured to selectively reflect 

light within a range of angles of incidence. In some examples, the one or more features 

can reflect light back in the same direction that is not parallel or nearly parallel to the 

incident light. In some examples, the retroreflector 233 may be wavelength independent, 

where a wide range of wavelengths can be reflected back. 

[0047] 	In some instances, the device 200 can include both a retroreflector 233 and an 

opaque mask 219, as illustrated in FIG. 2F. The retroreflector 233 can be located closer to 

the light emitters 206 and 208 (and/or light detector 204C) than the opaque mask 219. The 
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opaque mask 219 can further help to prevent unwanted light from reaching the light 

detector 204 by including a material that can absorb the light rays that reflect off the one 

or more interfaces of the window 203. In some examples, as illustrated in the FIGs. 2E- 

2F, the retroreflector 233 and/or the opaque mask 219 can have a larger width (e.g., can 

overhang) than the optical isolation 216, which can reduce the cross-talk between the light 

emitters 206 and 208 and the light detectors 204. In some examples, the opaque mask 219 

can have a smaller width than the retroreflector 233. Additionally or alternatively, the 

retroreflector 233 and/or the opaque mask 219 can include one or more materials (e.g., 

black ink) that conceal underlying components (e.g., optical isolation 216) from the user's 

eyes. 

[0048] 	In some examples, the device 200 can include a lens having multiple regions. 

FIG. 2G-2H illustrate cross-sectional and top views, respectively, of an exemplary 

electronic device including a lens with multiple regions according to examples of the 

disclosure. The device 200 can include lens region 242A and lens regions 242B 

(collectively referred to as lens 242). The different lens regions can have different optical 

and/or physical properties. For example, the lens region 242A can be a Fresnel lens that 

overlays (i.e., located in the field of view of) the second light emitter 208A. The lens 

regions 242A can include a plurality of features (e.g., ridges) for focusing (e.g., 

collimating the light emitted by the second light emitter 208A. The lens regions 242B can 

overlay at least two of the plurality of first light emitters 206. The lens regions 242B can 

include one or more other features (e.g., prisms) for controlling the light emitted by the 

plurality of first light emitters 206. 

[0049] 	In some instances, the lens 242 can be a layer separate from the windows 203. 

In other examples, the lens 242 can be formed as a part of (i.e., inseparable from) the 

windows 203. 

[0050] 	In instances where the second light emitter(s) 208 emit a second light having a 

second wavelength, such as infrared light, and the first light emitters 206 emit a first light 

having a first wavelength, such as visible (e.g., green) light, the properties of the second 

light may differ from the first light. For example, the second light may have a lower 

signal intensities (or signal-to-noise ratio (SNR)), and the lens region 242A (associated 

with the second light) may have one or more properties for enhancing the relative signals 

or SNR. 
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[0051] 	Exemplary operation of the sensing unit 

[0052] 	The sensing unit can be operated using one or more binning techniques. FIG. 3 

illustrates an exemplary process flow using a binning technique for one or more channels 

according to examples of the disclosure. One or more light detectors (e.g., all of the 

plurality of light detectors 204) can be associated with one or more channels (step 352 of 

process 350). In some examples, the channels can be dynamically changed based on the 

selected light emitter (step 353 of process 350). In some examples, the channels can be 

dynamically changed based on the spacing. 

[0053] 	For a given channel, one or more light emitters (e.g., second light emitter 

208A) can emit light (e.g., infrared light) (step 354 of process 350). A portion of the light 

can be absorbed by the user's skin, vasculature, and/or blood, and a portion of the light can 

return to the light detectors. The light detector(s) associated with the given channel can 

measure the return light and can generate one or more signals indicative of the measured 

return light (step 356 of process 350). The signals in the channel may be read out and 

processed (e.g., summed) together, for example, to produce a channel signal (step 358 of 

process 350). The process can measure channels sequentially or concurrently. In the 

scenarios where the channels are measured sequentially, the process can be repeated for 

other channels until some or all channels are measured for a given light emitter. In some 

examples, multiple (including all) channels may be readout simultaneously, where signals 

within the same channel are processed separately from signals from other channels. 

Another light emitter (e.g., first light emitter 206A) can be selected for the measurements 

(step 364 and step 366 of process 350). Measuring multiple light emitters can allow the 

system to measure multiple regions of the user's skin for enhanced measurement accuracy. 

From the binned signals, the physiological information can be determined (step 368 of 

process 350). 

[0054] 	Examples of the disclosure can include a single channel wherein some 

(including all) of the light detectors are associated with the single channel. With a single 

channel, all the signals from all of the plurality of light detectors can be processed 

together. The single channel association can allow higher total signal collection, which 

can increase the SNR for the light emitter 408A. Examples of the disclosure can further 

include each light detector associated with a unique channel. For example, the system can 

be configured with eight light detectors and eight channels. In this manner, the signal 

from each light detector can be processed separately. 
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[0055] 	Additionally or alternatively, the system can be configured with other 

associations. FIGs. 4A-4E illustrate exemplary associations of the light detectors to 

channels according to examples of the disclosure. FIG. 4A illustrates two channels, where 

light detectors (e.g., light detector 404A, light detector 404B, light detector 404C, and 

light detector 404D) located on one side of the device can be associated with a first 

channel 420, and light detectors (e.g., light detector 404E, light detector 404F, light 

detector 404G, and light detector 404H) located on the other side of the device can be 

associated with a second channel 421. The unique relationships between each light 

emitter relative to the channels can lead to different information. Generally, the signal 

information may include a higher signal intensity for shorter separation distances between 

a light emitter and a light detector. When one light emitter is emitting light (i.e., 

activated), the signal information measured by each channel may be the same. For 

example, when light emitter 406A is emitting light, the light can be detected by all of the 

light detectors associated with a given channel. Channel 420 and channel 421 can include 

high signal information from light detector 404A and light detector 404H, respectively, 

along with low signal information from light detector 404D and light detector 404E, 

respectively. When another light emitter is emitting light, the signal information measured 

by each channel may differ. For example, when light emitter 406B is emitting light, 

channel 420 may include high signal information from light detector 404B and light 

detector 404C, along with moderate signal information from light detector 404A and light 

detector 404D. Channel 421 may include low signal information from light detector 404E, 

light detector 404H, light detector 404F, and light detector 404G. In this manner, the same 

light detectors can measure different sets of signals depending on which light emitter is 

activated. 

[0056] 	Although the figure illustrates one channel as including the light detectors 

located on the right side and the other channel as including the light detectors located on 

the left side, examples of the disclosure can include the same number (e.g., two) of 

channels, but the associations including different light detectors. For example, the channel 

420 can include the light detector 404C, the light detector 404D, the light detector 404E, 

and the light detector 404F, while the channel 421 can include the light detector 404G, the 

light detector 404H, the light detector 404A, and the light detector 404B (not shown). In 

some examples, the channel associations can be based on the relative location of the light 

emitter. 
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[0057] 	FIG. 4B illustrates four channels according to examples of the disclosure. 

Each channel can include two adjacent light detectors with an emitter having the same 

separation distance relative to the centers of the light detectors. For example, the channel 

422 can include the light detector 404A and the light detector 404H; the channel 423 can 

include the light detector 404B and the light detector 404C; the channel 424 can include 

the light detector 404D and the light detector 404E; and the channel 425 can include the 

light detector 404F and the light detector 404G. The unique relationships between each 

light emitter relative to the channels can lead to different information. For example, the 

signal from the channel 422 can include different information then the channel 424 when 

the light emitter 406A is activated. With a higher number of channels (e.g., relative to the 

two channel association illustrated in FIG. 4A), localization of the measurement region on 

the user's skin can be enhanced, thereby increasing the SNR for the measurements. The 

localization of a measurement region can refer to the amount of information in the signal 

that is from the region proximate to a given light detector(s). 

[0058] 	FIG. 4C illustrates two channels, wherein the channels may be non-uniformly 

allocated. In some instances, the number of light detectors associated with each channel 

can differ. For example, the channel 426 can include six light detectors (e.g., the light 

detector 404C, the light detector 404D, the light detector 404E, the light detector 404F, the 

light detector 404G, and the light detector 404H), and the channel 427 can include two 

light detectors (e.g., the light detector 404A and the light detector 404B). The system can 

be configured such that signals from one channel may be utilized for one type of 

information, and the signals from the other channel may be utilized for another type of 

information. For example, the channel 427 may have increased localization of a targeted 

measurement region on the user's skin and can be used for determining the user's 

physiological information. With decreased localization, channel 426 can be used for off-

wrist detection and/or ambient light sensing. The signal from channel 426 can, for 

example, interrupt or be used for adjusting measurements associated with channel 427. As 

another example, channel 426 can have a larger sampling area than channel 427. The light 

detectors can be associated with a certain channel based on the signal quality. 

[0059] 	FIG. 4D illustrates multiple channels, where at least one channel includes non- 

neighboring light detectors according to examples of the disclosure. Channel 428 can 

include a first set of neighboring light detectors 404A and 404H and a second set of 

neighboring light detectors 404D and 404E, where the first set can be spatially separated 
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(i.e., non-adjacent) along the concentric arrangement from the second set by at least one 

other (i.e., not included in the same channel) light detector. Channel 429 can include a 

first set of neighboring light detectors 404B and 404C and a second set of neighboring 

light detectors 404F and 404G, where the first set can be spatially separated from the 

second set by at least one other light detector. That is, one or more of the first and second 

channels can include two sets of adjacent light detectors (e.g., a first set can include light 

detector 404A and light detector 404H), where the two sets can be non-adjacent (e.g., a 

second set can include light detector 404D and light detector 404E, where the second set 

can non-adjacent to the first set). The first and second channels can have one or more 

different light detectors (e.g., light detector 404G may not be included in both first and 

second channels). 

[0060] 	In this channel association, one set of light detectors can measure pulsatile 

information, while the other set of light detectors can measure non-pulsatile (e.g., dark) 

information. For example, when light emitter 406A is activated, pulsatile information for 

channel 428 can be generated by light detector 404A and light detector 404H, but may not 

be generated by light detector 404D and light detector 404E. Which light detector(s) 

measures pulsatile information for a given channel may depend on the activated light 

emitter. For example, pulsatile information for the channel 428 may not be measured by 

the light detector 404A and the light detector 404H when another light emitter (e.g., light 

emitter 406B) is activated; the another light emitter may be one that is not proximate to the 

respective light detector(s). Instead, the light detector 404D and the light detector 404E 

may generate pulsatile information when the light emitter 406B is activated. 

[0061] 	In this manner, the same channel can effectively be used to measure different 

locations. For example, the light emitter 406A and the light emitter 406D can be assigned 

to the same channel 428. Signals measured by a first one or more light detectors 404 in 

the channel may measure useful information when one light emitter is active, while a 

second one or more light detectors 404 in the same channel may not. Subsequently, the 

detectors that measure useful information (e.g., included in the determination of 

physiological information) may differ when another light emitter is active. 

[0062] 	FIG. 4E illustrates three channels, where each channel may include different 

levels of signal information. The first association can include two sets of adjacent light 

detector, the two sets being non-adjacent (as discussed in the context of FIG. 4D), while 

the second association can include one or more light detectors adjacent to at least one light 
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detector in the first association (e.g., light detector 404G can be adjacent to light detector 

404H). For example, channel 430 can include the light detector 404A, the light detector 

404H, the light detector 404D, and the light detector 404E. Channel 431 can include the 

light detector 404B and the light detector 404G; and channel 432 can include the light 

detector 404C and the light detector 404F. With light emitter 406A activated, the channel 

430 may include the highest level of pulsatile signal information, channel 431 may include 

a moderate level, and channel 432 may include the lowest level. With light emitter 406B 

or light emitter 406D activated, the channel 431 and the channel 432 may include the 

highest level of pulsatile signal information, and the channel 430 may include the lowest 

level. With light emitter 406C activated, the channel 430 may include the highest level of 

pulsatile information, the channel 432 may include a moderate level, and the channel 431 

may include the lowest level. 

[0063] 	In some examples, the binning and channel associations may be dynamically 

changed without user interaction. The channel association can be based on the mode of 

operation. For example, when the system is in a first measurement operation mode, the 

system can be configured with a single channel including all eight light detectors. When 

the system switches to a second measurement operation mode, the system can dynamically 

switch to multiple (e.g., two, three, four, etc.) channels (e.g., as illustrated FIGs. 4A-4E). 

[0064] 	In some examples, the system can switch to a certain channel association based 

on the measured signal information. For example, if the system is configured with two 

channels, as illustrated in FIG. 4A and the channel 420 generates higher pulsatile signal 

information after a certain number of measurements than the channel 421, the system may 

switch to the channel association shown in FIG. 4C. If, after the channel association 

switch, the higher pulsatile signal information is associated with the channel 427, the 

system may determine that one or more regions on the user's skin (e.g., localized in close 

proximity to the channel 427) may be most optimal for the given user. In this manner, the 

system can be tailored to the user, user conditions (e.g., one or more materials, such as the 

user's sleeve, inadvertently blocking optical components), and/or environmental 

conditions (e.g., higher levels of ambient light incident on one or more light detectors). 

[0065] 	The above discussed channel associations can be implemented in post-

processing where one or more (including all) of the light detectors can be hardwired 

together. Examples of the disclosure can further include one or more switches for 

dynamically switching which light detectors are electrically coupled (e.g., hardwired) 
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together. Additionally or alternatively, one or more light detectors and/or channels may be 

deactivated. For example, if the system determines that the channel 427 (illustrated in 

FIG. 4C) includes the highest level of pulsatile information, the system may deactivate 

light detectors (e.g., light detector 404C, light detector 404D, light detector 404E, light 

detector 404F, light detector 404G, and light detector 404H) included in another channel, 

such as channel 426, to save power. 

[0066] 	FIG. 5 illustrates an exemplary block diagram of a computing system 

comprising the concentric architecture for optical sensing according to examples of the 

disclosure. Computing system 500 can correspond to any of the computing devices 

illustrated in FIGs. 1A-1C. Computing system 500 can include a processor 510 

configured to execute instructions and to carry out operations associated with computing 

system 500. For example, using instructions retrieved from memory, processor 510 can 

control the reception and manipulation of input and output data between components of 

computing system 500. Processor 510 can be a single-chip processor or can be 

implemented with multiple components. 

[0067] 	In some examples, processor 510 together with an operating system can 

operate to execute computer code and produce and use data. The computer code and data 

can reside within a program storage block 502 that can be operatively coupled to processor 

510. Program storage block 502 can generally provide a place to hold data that is being 

used by computing system 500. Program storage block 502 can be any non-transitory 

computer-readable storage medium (excluding signals), and can store, for example, history 

and/or pattern data relating to PPG signal and perfusion index values measured by one or 

more light detectors such as light detectors 504. By way of example, program storage 

block 502 can include Read-Only Memory (ROM) 518, Random-Access Memory (RAM) 

522, hard disk drive 508 and/or the like. The computer code and data could also reside on 

a removable storage medium and loaded or installed onto the computing system 500 when 

needed. Removable storage mediums include, for example, CD-ROM, DVD-ROM, 

Universal Serial Bus (USB), Secure Digital (SD), Compact Flash (CF), Memory Stick, 

Multi-Media Card (MMC) and a network component. 

[0068] 	Computing system 500 can also include an input/output (110) controller 512 

that can be operatively coupled to processor 510, or it can be a separate component as 

shown. I/0 controller 512 can be configured to control interactions with one or more I/O 

devices. I/O controller 512 can operate by exchanging data between processor 510 and the 
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I/O devices that desire to communicate with processor 510. The I/O devices and I/O 

controller 512 can communicate through a data link. The data link can be a one-way link 

or a two-way link. In some cases, I/O devices can be connected to I/O controller 512 

through wireless connections. By way of example, a data link can correspond to PS/2, 

USB, Firewire, IR, RF, Bluetooth or the like. 

[0069] 	Computing system 500 can include a display device 524 that can be operatively 

coupled to processor 510. Display device 524 can be a separate component (peripheral 

device) or can be integrated with processor 510 and program storage block 502 to form a 

desktop computer (e.g., all-in-one machine), a laptop, handheld or tablet computing device 

of the like. Display device 524 can be configured to display a graphical user interface 

(GUI) including perhaps a pointer or cursor as well as other information to the user. By 

way of example, display device 524 can be any type of display including a liquid crystal 

display (LCD), an electroluminescent display (ELD), a field emission display (FED), a 

light emitting diode display (LED), an organic light emitting diode display (OLED) or the 

like. 

[0070] 	Display device 524 can be coupled to display controller 526 that can be 

coupled to processor 510. Processor 510 can send raw data to display controller 526, and 

display controller 526 can send signals to display device 524. Data can include voltage 

levels for a plurality of pixels in display device 524 to project an image. In some 

examples, processor 510 can be configured to process the raw data. 

[0071] 	Computing system 500 can also include a touch screen 530 that can be 

operatively coupled to processor 510. Touch screen 530 can be a combination of sensing 

device 532 and display device 524, where the sensing device 532 can be a transparent 

panel that is positioned in front of display device 524 or integrated with display device 

524. In some cases, touch screen 530 can recognize touches and the position and 

magnitude of touches on its surface. Touch screen 530 can report the touches to processor 

510, and processor 510 can interpret the touches in accordance with its programming. For 

example, processor 510 can perform tap and event gesture parsing and can initiate a wake 

of the device or powering on one or more components in accordance with a particular 

touch. 

[0072] 	Touch screen 530 can be coupled to a touch controller 540 that can acquire 

data from touch screen 530 and can supply the acquired data to processor 510. In some 
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cases, touch controller 540 can be configured to send raw data to processor 510, and 

processor 510 can process the raw data. For example, processor 510 can receive data from 

touch controller 540 and can determine how to interpret the data. The data can include the 

coordinates of a touch as well as pressure exerted. In some examples, touch controller 540 

can be configured to process raw data itself. That is, touch controller 540 can read signals 

from sensing points 534 located on sensing device 532 and can turn the signals into data 

that the processor 510 can understand. 

[0073] 	Touch controller 540 can include one or more microcontrollers such as 

microcontroller 542, each of which can monitor one or more sensing points 534. 

Microcontroller 542 can, for example, correspond to an application specific integrated 

circuit (ASIC), which works with firmware to monitor the signals from sensing device 

532, process the monitored signals, and report this information to processor 510. 

[0074] 	One or both display controller 526 and touch controller 540 can perform 

filtering and/or conversion processes. Filtering processes can be implemented to reduce a 

busy data stream to prevent processor 510 from being overloaded with redundant or non-

essential data. The conversion processes can be implemented to adjust the raw data before 

sending or reporting them to processor 510. 

[0075] 	In some examples, sensing device 532 can be based on capacitance. When two 

electrically conductive members come close to one another without actually touching, 

their electric fields can interact to form a capacitance. The first electrically conductive 

member can be one or more of the sensing points 534, and the second electrically 

conductive member can be an object 590 such as a finger. As object 590 approaches the 

surface of touch screen 530, a capacitance can form between object 590 and one or more 

sensing points 534 in close proximity to object 590. By detecting changes in capacitance 

at each of the sensing points 534 and noting the position of sensing points 534, touch 

controller 540 can recognize multiple objects, and determine the location, pressure, 

direction, speed, and acceleration of object 590 as it moves across the touch screen 530. 

For example, touch controller 540 can determine whether the sensed touch is a finger, tap, 

or an object covering the surface. 

[0076] 	Sensing device 532 can be based on self-capacitance or mutual capacitance. In 

self-capacitance, each of the sensing points 534 can be provided by an individually 

charged electrode. As object 590 approaches the surface of the touch screen 530, the 
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object can capacitively couple to those electrodes in close proximity to object 590, thereby 

stealing charge away from the electrodes. The amount of charge in each of the electrodes 

can be measured by the touch controller 540 to determine the position of one or more 

objects when they touch or hover over the touch screen 530. In mutual capacitance, 

sensing device 532 can include a two layer grid of spatially separated lines or wires (not 

shown), although other configurations are possible. The upper layer can include lines in 

rows, while the lower layer can include lines in columns (e.g., orthogonal). Sensing points 

534 can be provided at the intersections of the rows and columns. During operation, the 

rows can be charged, and the charge can capacitively couple from the rows to the columns. 

As object 590 approaches the surface of the touch screen 530, object 590 can capacitively 

couple to the rows in close proximity to object 590, thereby reducing the charge coupling 

between the rows and columns. The amount of charge in each of the columns can be 

measured by touch controller 540 to determine the position of multiple objects when they 

touch the touch screen 530. 

[0077] 	Computing system 500 can also include one or more light emitters such as light 

emitters 506 and one or more light detectors such as light detectors 504 proximate to skin 

520 of a user. Light emitters 506 can be configured to generate light, and light detectors 

504 can be configured to measure the return. Light detectors 504 can send measured raw 

data to processor 510, and processor 510 can perform noise and/or artifact cancelation to 

determine the PPG signal and/or perfusion index. Processor 510 can dynamically activate 

light emitters and/or light detectors based on an application, user skin type, and usage 

conditions. In some examples, some light emitters and/or light detectors can be activated, 

while other light emitters and/or light detectors can be deactivated to conserve power, for 

example. In some examples, processor 510 can store the raw data and/or processed 

information in a ROM 518 or RAM 522 for historical tracking or for future diagnostic 

purposes. 

[0078] 	In some examples, the light detectors can measure light information and a 

processor can determine a PPG signal and/or perfusion index from the return light. 

Processing of the light information can be performed on the device as well. In some 

examples, processing of light information need not be performed on the device itself. FIG. 

6 illustrates an exemplary configuration in which an electronic device is connected to a 

host according to examples of the disclosure. Host 610 can be any device external to 

device 600 including, but not limited to, any of the systems illustrated in FIGs. 1A-1C or a 
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server. Device 600 can be connected to host 610 through communications link 620. 

Communications link 620 can be any connection including, but not limited to, a wireless 

connection and a wired connection. Exemplary wireless connections include Wi-Fi, 

Bluetooth, Wireless Direct and Infrared. Exemplary wired connections include Universal 

Serial Bus (USB), FireWire, Thunderbolt, or any connection requiring a physical cable. 

[0079] 	In operation, instead of processing light information from the light detectors on 

the device 600 itself, device 600 can send raw data 630 measured from the light detectors 

over communications link 620 to host 610. Host 610 can receive raw data 630, and host 

610 can process the light information. Processing the light information can include 

canceling or reducing any noise due to artifacts and determining physiological signals 

such as a user's heart rate. Host 610 can include algorithms or calibration procedures to 

account for differences in a user's characteristics affecting PPG signal and perfusion 

index. Additionally, host 610 can include storage or memory for tracking a PPG signal 

and perfusion index history for diagnostic purposes. Host 610 can send the processed 

result 640 or related information back to device 600. Based on the processed result 640, 

device 600 can notify the user or adjust its operation accordingly. By offloading the 

processing and/or storage of the light information, device 600 can conserve space and 

power-enabling device 600 to remain small and portable, as space that could otherwise be 

required for processing logic can be freed up on the device. 

[0080] 	As discussed above, aspects in of the present technology include the gathering 

and use of physiological information. The technology may be implemented along with 

technologies that involve gathering personal data that relates to the user's health and/or 

uniquely identifies or can be used to contact or locate a specific person. Such personal data 

can include demographic data, date of birth, location-based data, telephone numbers, email 

addresses, home addresses, and data or records relating to a user's health or level of fitness 

(e.g., vital signs measurements, medication information, exercise information, etc.). 

[0081] 	The present disclosure recognizes that a user's personal data, including 

physiological information, such as data generated and used by the present technology, can 

be used to the benefit of users. For example, a user's heart rate may allow a user to track 

or otherwise gain insights about their health or fitness levels. 

[0082] 	The present disclosure contemplates that the entities responsible for the 

collection, analysis, disclosure, transfer, storage, or other use of such personal data will 
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comply with well-established privacy policies and/or privacy practices. In particular, such 

entities should implement and consistently use privacy policies and practices that are 

generally recognized as meeting or exceeding industry or governmental requirements for 

maintaining personal information data private and secure. Such policies should be easily 

accessible by users, and should be updated as the collection and/or use of data 

changes. Personal information from users should be collected for legitimate and 

reasonable uses of the entity and not shared or sold outside of those legitimate uses. 

Further, such collection/sharing should require receipt of the informed consent of the 

users. Additionally, such entities should consider taking any needed steps for safeguarding 

and securing access to such personal information data and ensuring that others with access 

to the personal information data adhere to their privacy policies and procedures. Further, 

such entities can subject themselves to evaluation by third parties to certify their adherence 

to widely accepted privacy policies and practices. The policies and practices may be 

adapted depending on the geographic region and/or the particular type and nature of 

personal data being collected and used. 

[0083] 	Despite the foregoing, the present disclosure also contemplates embodiments in 

which users selectively block the collection of, use of, or access to, personal data, 

including physiological information. For example, a user may be able to disable hardware 

and/or software elements that collect physiological information. 	Further, the present 

disclosure contemplates that hardware and/or software elements can be provided to 

prevent or block access to personal data that has already been collected. Specifically, 

users can select to remove, disable, or restrict access to certain health-related applications 

collecting users' personal health or fitness data. 

[0084] 	A device is disclosed. In some examples, the device comprises: an optical 

sensing unit comprising: a center region including: a plurality of first light emitters 

configured to emit first light paths having first wavelengths; one or more second light 

emitters configured to emit second light paths having second wavelengths, different from 

the first wavelengths, wherein the plurality of first light emitters is located closer to a 

peripheral region than the one or more second light emitters; and the peripheral region 

located around the center region, the peripheral region including: a plurality of light 

detectors configured to detect the first light paths and the second light paths, wherein the 

plurality of light detectors is oriented in a concentric arrangement; and a lens including a 

plurality of regions, the plurality of regions including: a first region overlaying the 
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plurality of first light emitters; and a second region overlaying the one or more second 

light emitters, wherein optical properties of the first region differ from optical properties of 

the second region. Additionally or alternatively, in some examples, a center of each light 

detector is located a first separation distance away from at least one of the one or more 

second light emitters. Additionally or alternatively, in some examples, each light detector 

is located a first separation distance from one of the one or more second light emitters and 

a second separation distance from one of the plurality of first light emitters, wherein the 

first separation distance is greater than the second separation distance. Additionally or 

alternatively, in some examples, another light detector is located a third separation 

distance from the one of the plurality of first light emitters, wherein the third separation 

distance is greater than the first separation distance, the second separation distance, or 

both. Additionally or alternatively, in some examples, each of the plurality of first light 

emitters is located at a radial angle relative to a center of the center region, and edges of 

two of the plurality of light detectors are located at the radial angle relative to the center of 

the center region. Additionally or alternatively, in some examples, each of the first light 

emitters is located such that a separation distance between the respective first light emitter 

and one of the plurality of light detectors is the same as the separation distance between 

the respective first light emitter and others of the plurality of light detectors, wherein the 

one of the plurality of light detectors and the other of the plurality of light detectors are 

adjacent light detectors. Additionally or alternatively, in some examples, the device 

further comprises: an optical isolation located between the plurality of first and second 

light emitters and the plurality of light detectors. Additionally or alternatively, the optical 

isolation is ring-shaped. Additionally or alternatively, in some examples, walls of the 

optical isolation define one or more cavities, wherein the plurality of first light emitters 

and the one or more second light emitters are located in a cavity separate from the 

plurality of light detectors. Additionally or alternatively, in some examples, the device 

further comprises: a retroreflector located between the center region and the peripheral 

region, wherein the retroreflector is configured to reflect light in a direction away from at 

least one of the plurality of detectors. Additionally or alternatively, in some examples, the 

device further comprises: one or more windows located proximate to the center region and 

the peripheral region; and an opaque mask located between the center region and the 

peripheral region, wherein the opaque mask is configured to absorb light reflecting off an 

interface of the one or more windows. Additionally or alternatively, in some examples, the 

device further comprises: a selective transparent layer located in the peripheral region, the 
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selective transparent layer including a plurality of first sections and a plurality of second 

sections, wherein the plurality of first sections overlays one or more first portions of the 

peripheral region and the plurality of second sections overlays one or more second 

portions of the peripheral region, the one or more second portions overlay the plurality of 

light detectors. 	Additionally or alternatively, in some examples, the plurality of first 

sections includes material that is partially transparent to the first wavelengths and 

transparent to the second wavelengths. Additionally or alternatively, in some examples, 

the plurality of second sections excludes material. Additionally or alternatively, in some 

examples, the selective transparent layer is ring-shaped. Additionally or alternatively, in 

some examples, the device further comprises: a Fresnel lens located in the center region 

overlaying the plurality of first light emitters and the one or more second light emitters; 

and one or more optical film sections located in the peripheral region overlaying the 

plurality of light detectors, wherein the one or more optical film sections are configured to 

restrict light passing through the peripheral region. Additionally or alternatively, in some 

examples, the first wavelengths include one or more visible wavelengths, and the second 

wavelengths include one or more infrared wavelengths. Additionally or alternatively, in 

some examples, the first region of the lens is a Fresnel lens, and the second region of the 

lens includes a plurality of prisms. 

[0085] 	A method for operating a device is disclosed. The method comprises: 

associating a plurality of light detectors to a plurality of channels during a first time; for 

each light emitter: emitting light from the respective light emitter; measuring at least a 

portion of the emitted light by the one or more channels; and selecting and changing to 

another association such that at least one of the plurality of light detectors is associated 

with a different channel during a second time, the selected another association based on 

one or more of the measurements. Additionally or alternatively, in some examples, the 

association during the first time or the second time includes each channel having adjacent 

light detectors. Additionally or alternatively, in some examples, the association during the 

first time or the second time includes each channel having a first set of one or more of the 

plurality of light detectors and a second set of one or more of the plurality of light 

detectors, the first set spatially separated from the second set. Additionally or 

alternatively, in some examples, the method further comprises: determining a 

physiological information using the measurement from the first set when one light emitter 

is emitting and using the measurement from the second set when another light emitter is 
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emitting. Additionally or alternatively, in some examples, one association includes a 

single channel including all of the plurality of light detectors and another association 

includes multiple channels. Additionally or alternatively, in some examples, signals from 

the one association are used for primary measurement information, and signals from the 

other association are used for secondary measurement information. Additionally or 

alternatively, in some examples, the association during the first time includes two sets of 

adjacent light detectors, the two sets being non-adjacent. Additionally or alternatively, in 

some examples, at least one of the plurality of light detectors included in one of the 

plurality of channels during the first time is included in the same one of the plurality of 

channels during the second time. 

[0086] 	Although the disclosed examples have been fully described with reference to 

the accompanying drawings, it is to be noted that various changes and modifications will 

become apparent to those skilled in the art. Such changes and modifications are to be 

understood as being included within the scope of the disclosed examples as defined by the 

appended claims. 
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CLAIMS 

1. A device comprising: 

an optical sensing unit comprising: 

a center region including: 

a first light emitter configured to emit first light in a first wavelength  

range;  

a second light emitters configured to emit second light in a second 

wavelengths  range, different from the first wavelengths range; and 

a lens comprising: 

 a first lens region positioned over the first light emitter and 

including first optical features; and 

 a second lens region surrounding the first lens region and 

positioned over the second light emitter, the second lens region including second features that are 

different from the first features; and  

a peripheral region located around the center region, the peripheral region 

including a plurality of light detectors configured to detect the first light and the second light; 

and 

wherein the plurality of light detectors is oriented in a concentric 

arrangement, 

wherein each of the plurality of light detectors has a separation distance 

from the second light emitter, 

wherein the separation distances of the plurality of light detectors are the 

same. 

2. The device of claim 1, wherein: 

 the first light emitter is one of a plurality of first light emitters; and 

 each of the plurality of first light emitters has a center located at a radial angle relative to 

a center of the center region, and centers of two of the plurality of light detectors are located at 

the radial angle relative to the center of the center region. 

3. The device of claim 1, wherein: 

 the first light emitter is one of a plurality of first light emitters; and 
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 each of the first light emitters is located such that a separation distance between the 

respective first light emitter and one of the plurality of light detectors is less than separation 

distances between the respective first light emitter and others of the plurality of light detectors. 

4. The device of claim 1, further comprising: 

an optical isolation located between the first light emitters and the plurality of light 

detectors, 

wherein walls of the optical isolation define one or more cavities, wherein the first light 

emitters and the second light emitters are located in a cavity separate from the plurality of light 

detectors. 

5. The device of claim 1, further comprising: 

a retroreflector located between the center region and the peripheral region, wherein the 

retroreflector is configured to reflect light in a direction away from at least one of the plurality of 

light detectors. 

6. The device of claim 1, further comprising: 

 one or more windows located proximate to the center region and the peripheral region; 

and 

an opaque mask located between the center region and the peripheral region, wherein the 

opaque mask is configured to absorb light reflecting off an interface of the one or more windows. 

 

7. The device of claim 1, further comprising: 

a selective transparent layer located in the peripheral region, the selective transparent 

layer including a plurality of first sections and a plurality of second sections, wherein the 

plurality of first sections overlays one or more first portions of the peripheral region and the 

plurality of second sections overlays one or more second portions of the peripheral region, the 

one or more second portions overlay the plurality of light detectors. 

8. The device of claim 7, wherein the plurality of first sections includes material that is 

partially transparent to the first light and transparent to the second light. 

9. The device of claim 7, wherein the plurality of second sections excludes material. 
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10. The device of claim 1, wherein the first wavelengths range includes one or more visible 

wavelengths, and the second wavelengths range includes one or more infrared wavelengths. 

11.  The device of claim 1, wherein: 

 the first optical features are configured to collimate the first light; and 

 the second optical features are configured to change a direction of the second light. 

 

12.  The device of claim 1, wherein: 

 the first optical features define a Fresnel lens; and 

 the second optical features comprise a prism. 


