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OPTICAL SYSTEMS AND METHODS OF USE

BACKGROUND

Background and Relevant Art

[0001] Many consumer products use cameras. Installing a camera in a consumer product

may affect the quality of the images captured by the camera. Very high quality components

require very little adjustment, but are often cost prohibitive for some consumer products.

Expensive robotic devices have been used to align the components of the camera.

[0002] The subject matter claimed herein is not limited to embodiments that solve any

disadvantages or that operate only in environments such as those described above. Rather,

this background is only provided to illustrate one exemplary technology area where some

embodiments described herein may be practiced.

BRIEF SUMMARY

[0003] In at least one embodiment, an optical system is described. The optical system

includes a base and an image sensor fixed to the base. A holder is fixed to the base about

the image sensor. A collar is oriented about the image sensor and the holder. A lens barrel

is oriented about the image sensor, the holder, and the collar. The lens barrel includes at

least one lens oriented therein.

[0004] In at least one embodiment, the holder includes threads and the collar includes

threads that mechanically attach to the threads of the holder. In some embodiments, the

threads on the holder may be external threads and the threads on the collar may be internal

threads. In further embodiments, the threads on the holder may be internal threads and the

threads on the collar may be external threads.

[0005] In at least one embodiment, the collar includes threads and the lens barrel includes

threads that mechanically attach to the threads of the collar. In some embodiments, the

threads on the collar may be external threads and the threads on the lens barrel may be

internal threads. In further embodiments, the threads on the collar may be internal threads

and the threads on the lens barrel may be external threads.

[0006] In at least one embodiment, a camera module is described. The camera module

includes a base and an image sensor fixed to the base. A holder is fixed to the base about

the image sensor. A collar is oriented about the image sensor and the holder. A lens barrel

is oriented about the image sensor, the holder, and the collar. The lens barrel includes at

least one lens oriented therein. Two of the holder, the collar, and the lens barrel including

threads to mechanically attach.



[0007] This Summary is provided to introduce a selection of concepts in a simplified form

that are further described below in the Detailed Description. This Summary is not intended

to identify key features or essential features of the claimed subject matter, nor is it intended

to be used as an aid in determining the scope of the claimed subject matter.

[0008] Additional features and advantages will be set forth in the description which follows,

and in part will be obvious from the description, or may be learned by the practice of the

teachings herein. Features and advantages of the invention may be realized and obtained by

means of the instruments and combinations particularly pointed out in the appended claims.

Features of the present invention will become more fully apparent from the following

description and appended claims, or may be learned by the practice of the invention as set

forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In order to describe the manner in which the above-recited and other advantages and

features can be obtained, a more particular description of the subj ect matter briefly described

above will be rendered by reference to specific embodiments which are illustrated in the

appended drawings. Understanding that these drawings depict only typical embodiments

and are not therefore to be considered to be limiting in scope, embodiments will be described

and explained with additional specificity and detail through the use of the accompanying

drawings in which:

[0010] Figure 1 is a conceptual drawing of an embodiment of a mobile device;

[0011] Figure 2 is a conceptual drawing of an embodiment of a watch-type wearable device;

[0012] Figure 3 is a conceptual drawing of an embodiment of a head-worn wearable device;

[0013] Figure 4 is a conceptual drawing of an embodiment of a computing device;

[0014] Figure 5 is an exploded, isometric assembly view of an embodiment of an optical

system;

[0015] Figure 5-1 is a cross-sectional, side view of the embodiment of an optical system

shown in Figure 5;

[0016] Figure 6 is an exploded, isometric assembly view of another embodiment of an

optical system;

[0017] Figure 6-1 is a cross-sectional, side view of the embodiment of an optical system

shown in Figure 6;

[0018] Figure 7 is an exploded, isometric assembly view of a further embodiment of an

optical system;



[0019] Figure 7-1 is a cross-sectional, side view of the embodiment of an optical system

shown in Figure 7;

[0020] Figure 8 is an exploded, isometric assembly view of a yet further embodiment of an

optical system; and

[0021] Figure 8-1 is a cross-sectional, side view of the embodiment of an optical system

801 shown in Figure 8 .

DETAILED DESCRIPTION

[0022] At least one embodiment disclosed herein is capable of adjusting spacing between a

lens barrel and an image sensor in the z-direction. At least one embodiment disclosed herein

is capable of adjusting the angular orientation (e.g., about θζ) between a lens barrel and an

image sensor. At least one embodiment disclosed herein is capable of independently

adjusting both spacing between a lens barrel and an image sensor in the z-direction and the

angular orientation (e.g., about θζ) between a lens barrel and an image sensor.

[0023] Many cameras include an image sensor that is die-bonded and/or wire-bonded onto

a printed circuit board assembly (PCBA). A holder may be mounted over the image sensor

and attached to the PCBA. A lens barrel that includes at least one optical lens may be

inserted into the holder.

[0024] In a perfect world the image sensor would be perfectly positioned such that it is

perfectly flat on the PCBA. The holder would be perfectly oriented about the image sensor

such that an image axis of the image sensor is perfectly aligned with a longitudinal axis of

the holder. The holder would be perfectly manufactured such that its inner aperture is

perfectly formed and aligned about the longitudinal axis of the holder. The barrel would be

perfectly manufactured such that it fit perfectly into the holder. Each lens in the lens barrel

would be perfectly manufactured with an optical axis that is perfectly aligned with a

longitudinal axis of the lens barrel. Thus, the image axis of the image sensor would be

perfectly aligned with the optical axis of the lens barrel. However, perfect or near-perfect

components either do not exist or are very expensive.

[0025] Precision alignment systems are available that may assist in aligning the lens barrel

within the holder relative to the image sensor. For example, an active alignment system may

provide adjustments in, for example, five axes (e.g., x, y, z, θχ, and ) . Such precision may

mitigate components that are not perfect or near-perfect. However, like the perfect or near-

perfect components, precision alignment systems are also very expensive. Clearly the best

quality cameras would incorporate both perfect or near-perfect components and precision



alignment systems, but this would be extremely expensive. In some consumer products,

near-perfect image quality is not necessary. Thus, other components may be used.

[0026] However, with imperfect components the optical system may need to be focused.

For example, the spacing between the lens barrel and the image sensor may need to be

adjusted. Thus, it may be desirable to be able to adjust the spacing between the lens barrel

and the image sensor in the z-direction. Adjusting the spacing may focus the optical system

such that the lens barrel is focused in the middle of the image plane of the imaging sensor.

[0027] In another example, the optical axis (e.g., an axis perpendicular to a lens image

plane) of the lens barrel may not be aligned with a longitudinal axis of the lens barrel. For

instance, the concentricity of the optical axis to the mechanical axis of the barrel threads

may be affected by the various optical lens elements and surfaces tolerances and mechanical

tolerances. In another example, typical image sensors generally have an inherent tilt (e.g.,

are not perfectly parallel) to the PCBA due to, for example, manufacturing tolerances with

the image sensor die and/or tolerances of the sensor package die-bond to the PCBA, which

may affect the image axis of the image sensor. As the lens barrel is threaded into the holder,

the orientation of the optical axis may change relative to an image axis of the image sensor.

Hence, it may be desirable to both adjust the spacing between the lens barrel and the image

sensor in the z-direction and adjust the orientation of the optical axis relative to the image

axis of the image sensor.

[0028] For example, the distance between the lens barrel (e.g., and thus the lenses) and the

image sensor (e.g., the spacing in the z-direction) may be adjusted by threading the lens

barrel into the holder. The further the lens barrel is threaded into the holder, the smaller the

spacing in the z-direction. Adjustments in the z-direction may substantially improve the

image quality of the camera.

[0029] In some embodiments, the optical system may both adjust the spacing between the

lens barrel and the image sensor in the z-direction and, independently of the spacing

adjustment, adjust the orientation of the optical axis relative to the image axis of the image

sensor. In at least one embodiment, at least one degree of freedom may be added to the

optical system to make independent adjustment in the z-direction and θζ-direction possible.

In at least one embodiment, the ability to make independent adjustments in the z-direction

and θζ-direction may provide significantly improved image quality compared to an optical

system that is only adjustable in the z-direction without the costs associated with a precision

adjustment system.



[0030] Referring now to Figure 1, a conceptual drawing of an embodiment of a mobile

device 100 is shown. The mobile device 100 (e.g., a smart phone and/or tablet) may include

one or more optical systems 101.

[0031] The mobile device 100 may include various internal components. For example, a

processor, memory, battery, transceiver, additional optical systems, other internal

components, or combinations thereof may be associated with the mobile device 100.

[0032] The mobile device 100 may include a display 102. The display 102 may display

various pieces of information to a user via, for example, a graphical user interface.

[0033] The mobile device 100 may include an input 103. The input 103 may communicate

with the mobile device 100 to control what is displayed on the display 102. For example,

the input 103 may be a start button (e.g., a start button on a smart phone and/or tablet). In

some embodiments, the display 102 may also act as an input. For example, the display 102

may include touch sensors that facilitate user input with the mobile device 100.

[0034] The mobile device 100 is illustrated with a single optical system 101. The optical

system 101 may interact with one or more components of the mobile device 100. For

example the optical system 101 may capture images that may be displayed on the display

102. Optical systems may include a camera module. Camera modules may include image

sensors capable of capturing light. For example, image sensors may include a visible light

sensor, an infrared light sensor, other sensors, or combinations thereof.

[0035] Figure 2 is a conceptual drawing of an embodiment of a watch-type wearable device

200. The wearable device 200 is illustrated as a watch-type wearable device. The wearable

device 200 may include one or more optical systems 201.

[0036] The wearable device 200 may include a display 202 that may display information

and/or act as an input (similar to input 103 and/or display 102).

[0037] The wearable device 200 may include an input 203. The input 203 may be used to

interact with a user. In the present embodiment, the input 203 may be used to measure a

user's heart rate. In some embodiments, the input 203 may otherwise interact with a user.

[0038] The wearable device 200 may include a first strap 204-1 and a second strap 204-2.

The first and second straps 204-1, 204-2 may connect together using a clasp 205.

[0039] The wearable device 200 is illustrated with a single optical system 201. The optical

system 201 may interact with one or more components of the wearable device 200. For

example the optical system 201 may capture images that may be displayed on the display

202.



[0040] Figure 3 is a conceptual drawing of an embodiment of a head-worn wearable device

300. The wearable device 300 may include one or more optical systems 301. Although the

wearable devices 200, 300 described in Figures 2 and 3 include a watch-type (Figure 2) and

a head-worn (Figure 3) wearable devices, other wearable devices and/or other devices (e.g.,

optical accessories, security cameras, and automobile rear view cameras) with an optical

system (e.g., optical systems 101, 201, 301) may also be used.

[0041] The wearable device 300 may include a display 302 that may display information

(similar to displays 102, 202). The display 302 may act as an input (similar to inputs 103,

203).

[0042] The wearable device 300 may include an input 303 that may be used to interact with

a user. In the present embodiment, the input 303 may be a microphone that may be used to

execute voice-based and/or other commands. In some embodiments, the input 303 may

otherwise interact with a user.

[0043] The wearable device 300 may include a first earpiece 306-1 and a second earpiece

306-2. The first and second earpieces 306-1, 306-2 may support the wearable device 300.

[0044] The wearable device 300 may include a plurality of optical systems 301. In the

present embodiment, the wearable device 300 includes two optical systems 301-1, 301-2.

The optical systems 301-1, 301-2 may be similar to the optical systems 101, 201 described

in connection with Figures 1 and 2 .

[0045] In one example, the first optical system 301-1 includes an infrared sensor and the

second optical system 301-2 includes a visible light sensor. In a further example, more or

fewer optical systems 301 with the same or different image sensors may be used.

[0046] Figure 4 is a conceptual drawing of an embodiment of a computing device 400. The

computing device 400 may include one or more optical systems 401. The computing device

400 is illustrated as a laptop-type computing device. In other embodiments, the computing

device 400 may be a desktop computing device with an attached monitor, may be a gaming

system with an attached monitor and/or attached peripherals, or may be another computing

device.

[0047] The computing device 400 may include an input device 403 that may be used to

interact with a user. The input device 403 may include a keyboard, mouse, trackpad, other

input, or combinations thereof.

[0048] The computing device 400 may include a monitor 407. The monitor 407 may be

attached to an input device 403. In other embodiments, the monitor 407 may be physically

detached, but in electronic communication with the input device 403. The monitor 407 may



include a display 402. The display 402 may display information (e.g., in a standard monitor)

and/or act as an input (e.g., in a touch screen monitor similar to inputs 103, 203 and/or

displays 102, 202).

[0049] The monitor 407 may include one or more optical systems 401. In another example,

a portion of a peripheral may include one or more optical systems 401 .

[0050] In the present embodiment, the computing device 400 includes optical systems 401-

1, 401-2, 401-3. The optical systems 401 may be similar to the optical systems 101, 201,

301 described in connection with Figures 1-3. For example, the optical systems 401 may

capture images that may be displayed on a display 402, whether on the monitor 407 or

another component connected to the computing device 400.

[0051] In one example, the first optical system 401-1 includes an infrared sensor, the second

optical system 401-2 includes a visible light sensor, and the third optical system 401-3

includes a depth sensor. In a further example, more or fewer optical systems 401 with the

same or different image sensors may be used.

[0052] Referring now to Figures 5 and 5-1, Figure 5 is an exploded, isometric assembly

view of an embodiment of an optical system 501 and Figure 5-1 is a cross-sectional, side

view of the embodiment of an optical system 501 shown in Figure 5 . The optical system

501 may be incorporated into any of the optical systems 101, 201, 301, 401 described above

in connection with Figures 1-4.

[0053] The optical system 501 may include a base 510 and an image sensor 515. The base

510 may include a printed circuit board assembly (PCBA). The image sensor 515 may be

mounted to the base 510. For example, the image sensor 515 may be die-bonded and/or

wire-bonded to the base 510. The image sensor 515 has an image axis 519.

[0054] The optical system 501 may include various alignment components. As shown in

Figures 5 and 5-1, the optical system 501 includes three alignment components: a holder

520, a collar 530, and a lens barrel 540.

[0055] The holder 520 includes an outer surface 521, an inner surface 522, a lower surface

523 (e.g., a bottom surface), and an upper surface 524 (e.g., atop surface). The outer surface

521 and the inner surface 522 extend between the lower surface 523 and the upper surface

524. The outer surface 521 and the inner surface 522 both abut the lower surface 523 and

the upper surface 524.

[0056] The holder 520 may be fixed, directly or indirectly, to the base 510. For example,

the holder 520 may be mechanically attached to the base 510 using, for example, adhesives,



threads, rivets, a snap fit, an interference fit, other mechanical attachment mechanisms, or

combinations thereof.

[0057] The collar 530 includes an outer surface 531, an inner surface 532, a lower surface

533 (e.g., a bottom surface), and an upper surface 534 (e.g., atop surface). The outer surface

531 and the inner surface 532 extend between the lower surface 533 and the upper surface

534. The outer surface 531 and the inner surface 532 both abut the lower surface 533 and

the upper surface 534.

[0058] As shown in Figures 5 and 5-1, the collar 530 may be inserted through an opening

527 of and threaded into the holder 520. For example, the holder 520 and the collar 530 may

be coaxial. The collar 530 may include one or more stops. As shown, the collar 530 includes

a stop that may limit the motion of the lens barrel 540 in the z-direction 90. In some

embodiments, the stop may only limit motion of the lens barrel 540 in the a-direction. In the

present embodiment, the stop is the upper surface 534 of the collar.

[0059] The lens barrel 540 includes an outer surface 541, an inner surface 542, a lower

surface 543 (e.g., a bottom surface), and an upper surface 544 (e.g., a top surface). The outer

surface 541 and the inner surface 542 extend between the lower surface 543 and the upper

surface 544. The outer surface 541 and the inner surface 542 both abut the lower surface

543 and the upper surface 544. The lens barrel 540 is illustrated with a single lens 548, but

the lens barrel 540 may include a plurality of lenses.

[0060] The lens barrel 540 has (in conjunction with one or more lenses) an optical axis 549.

The optical axis 549 may be a line along which there is some degree of rotational symmetry

in the lens barrel 540. For example, as shown in Figure 5-1, the optical axis 549 runs through

the lens 548. In embodiments with multiple lenses, the optical axis 549 would result from

the combination of individual optical axes of each lens 548.

[0061] As shown in Figures 5 and 5-1, the lens barrel 540 may be inserted through an

opening 537 of the collar 530. For example, the collar 530 and the lens barrel 540 may be

coaxial. The lens barrel 540 may include one or more stops 546. As shown, the lens barrel

540 includes a stop 546 that may limit the motion of the lens barrel 540 in the z-direction

90. The stop 546 on the lens barrel 540 (e.g., bottom surface 543) may abut the stop 536 on

the collar 530 (e.g., top surface 534).

[0062] Two of the three alignment components (e.g., two of the holder 520, collar 530, and

lens barrel 540) may be mechanically connected. For example, two of the three alignment

components may be threaded together. As shown in Figures 5 and 5-1, the holder 520



includes threads 525 on the outer surface 521 and the collar 530 includes threads 535 on the

inner surface 532.

[0063] The mechanical connection between two of the three alignment components may be

used to adjust the distance 93 between the lens barrel 540 and the base 510 in the z-direction

90. The z-direction 90 may also be the longitudinal axis of the holder 520, the collar 530,

the lens barrel 540, or combinations thereof. For example, for a threaded connection

between the holder 520 and the collar 530, rotation of the collar 530 within the holder 520

will adjust the distance 94 between the upper surface 544 of the lens barrel 540 and the base

510.

[0064] The remaining alignment component may be aligned about the θζ axis 9 1 by rotating

the alignment component until the optical axis 549 of the lens barrel 540 is aligned with the

image axis 519 of the image sensor 515, as shown in Figure 5-1. Aligning the optical axis

549 of the lens barrel 540 with the image axis 519 of the image sensor 515 may mean

aligning the two axes 549, 519 so that they are coaxial, as shown. In another example,

aligning the axes 549, 519 may mean aligning the axes 549, 519 so that they are

approximately coaxial. In a further example, aligning the axes 549, 519 may mean rotating

the optical axis of the lens barrel 540 relative to the image axis 519 of the image sensor. In

a yet further example, aligning the axes 549, 519 may mean aligning the axes 549, 519 so

that they intersect (e.g., if the axes are oriented at different angles to the longitudinal axis

90).

[0065] Once the remaining alignment component is aligned about the θζ-axis 91, it may be

separately connected to another of the alignment components. For example, as shown in

Figures 5 and 5-1, the lens barrel 540 may be connected to the collar 530. The lens barrel

540 and the collar 530 may be connected via, for example, adhesives.

[0066] Referring now to Figures 6 and 6-1, Figure 6 is an exploded, isometric assembly

view of another embodiment of an optical system 601 and Figure 6-1 is a cross-sectional,

side view of the embodiment of an optical system 601 shown in Figure 6 . The optical system

601 may be incorporated into any of the optical systems 101, 201, 301, 401 described above

in connection with Figures 1-4 and/or one or more components of the optical system 601

may be incorporated into any of the optical systems described herein (e.g., optical systems

501, 701, 801).

[0067] The optical system 601 may include a base 610 and an image sensor 615. The base

610 may include a printed circuit board assembly (PCBA). The image sensor 615 may be

mounted to the base 610. The image sensor 615 may include an image axis 619.



[0068] The optical system 601 may include various alignment components. As shown in

Figures 6 and 6-1, the optical system 601 includes three alignment components: a holder

620, a collar 630, and a lens barrel 640.

[0069] The holder 620, the collar 630, and the lens barrel 640 may be similar to the holder

520, collar 530, and the lens barrel 540 shown in Figures 5 and 5-1 . For example, the holder

620 may include an outer surface 621, an inner surface 622, a lower surface 623, and an

upper surface 624; the collar 630 may include an outer surface 63 1, an inner surface 632, a

lower surface 633, and an upper surface 634; and the lens barrel 640 may include an outer

surface 641, an inner surface 642, a lower surface 643, and an upper surface 644. The outer

surfaces 621, 63 1, 641 and the inner surfaces 622, 632, 642 may extend between the lower

surfaces 623, 633, 643 and the upper surfaces 624, 634, 644, respectively. The outer surfaces

621, 631, 641 and the inner surfaces 622, 632, 642 may abut the lower surfaces 623, 633,

643 and abut the upper surfaces 624, 634, 644, respectively.

[0070] The holder 620, collar 630, lens barrel 640, or combinations thereof may include one

or more stops 626, 636, 646. The upper surface 634 of the collar 630 may act as a stop that

may limit the motion of the lens barrel 640 in the z-direction 90. The lens barrel 640 may

include a stop 646 that may abut the stop (e.g., the upper surface 634) of the collar 630.

[0071] As shown in Figures 6 and 6-1, the holder 620 may be fixed, directly or indirectly,

to the base 610. The collar 630 may be inserted through an opening 627 of the holder 620.

The lens barrel 640 may be inserted through an opening 637 of the collar 630.

[0072] The lens barrel 640 is illustrated with a single lens 648, but the lens barrel 640 may

include a plurality of lenses. The lens barrel 640 has (in conjunction with one or more lenses)

an optical axis 649.

[0073] The holder 620 and collar 630 may be mechanically connected. For example, as

shown in Figures 6 and 6-1, the holder 620 includes threads 625 on the inner surface 622

and the collar 630 includes threads 635 on the outer surface 63 1.

[0074] The mechanical connection between the holder 620 and the collar 630 may be used

to adjust the distance 93 between the lower surface 633 of the collar 630 and the base 610

in the z-direction 90. For example, for a threaded connection between the holder 620 and

the collar 630, rotation of the collar 630 within the holder 620 will adjust the distance 94

between the upper surface 644 of the lens barrel 640 and the base 610.

[0075] The lens barrel 640 may be aligned about the θζ axis 9 1 by rotating the lens barrel

640 until the optical axis 649 of the lens barrel 640 is aligned with the image axis 619 of the

image sensor 615, as shown in Figure 6-1.



[0076] Once the lens barrel 640 is aligned about the θζ-axis 91, it may be connected to the

collar 630. The lens barrel 640 and the collar 630 may be connected via, for example,

adhesives.

[0077] Referring now to Figures 7 and 7-1, Figure 7 is an exploded, isometric assembly

view of another embodiment of an optical system 701 and Figure 7-1 is a cross-sectional,

side view of the embodiment of an optical system 701 shown in Figure 7 . The optical system

701 may be incorporated into any of the optical systems 101, 201, 301, 401 described above

in connection with Figures 1-4 and/or one or more components of the optical system 701

may be incorporated into any of the optical systems described herein (e.g., optical systems

501, 601, 801).

[0078] The optical system 701 may be similar to the optical systems 501, 601 described in

connection with Figures 5 and 6 . The optical system 701 is shown as being structurally

similar to the optical system 601 of Figures 6 and 6-1. For example, the optical system 701

may include a base 710, an image sensor 715, and various alignment components; a holder

720, a collar 730, and a lens barrel 740, which may include surfaces (e.g., outer, inner, upper,

and lower surfaces), stops, and the like. Like components and portions of components have

been labeled with similar numbering for ease of description.

[0079] The holder 720, collar 730, lens barrel 740, or combinations thereof may include one

or more stops 726, 736, 746. As shown in Figures 7 and 7-1, the upper surface 724 of the

holder 720 may act as a stop that may limit the motion of the collar 730 in the z-direction

90.

[0080] The optical system 701 may differ from the optical system 601. For example, the

collar 730 and the lens barrel 740 may be mechanically connected, rather than the holder

620 and the collar 630. For example, as shown in Figures 7 and 7-1, the collar 730 includes

threads 735 on the inner surface 732 and the lens barrel 740 includes threads 745 on the

outer surface 741.

[0081] The mechanical connection between the collar 730 and the lens barrel 740 may be

similar to the mechanical connection between the holder 620 and the collar 630 in Figures

6 and 6-1. For example, the mechanical connection may be used to adjust the distance 93

between the lower surface 743 of the lens barrel 740 and the base 710 in the z-direction 90.

For example, for a threaded connection between the collar 730 and the lens barrel 740,

rotation of the lens barrel 740 within the collar 730 will adjust the distance 94 between the

lower surface 743 of the lens barrel 740 and the base 710.



[0082] The lens barrel 740 may be aligned about the θζ axis 9 1 by rotating the collar 730

until the optical axis 749 of the lens barrel 740 is aligned with an image axis 719 of the

image sensor 715, as shown in Figure 7-1. Rotating the collar 730 may also rotate the lens

barrel 740. As shown in Figure 7, a lock 708 with a spring 709 may fix the collar 730 to the

holder 720. For example, the collar 730 may include a flange 738. The upper surface (not

labeled) of the flange 738 may abut a lower surface (not labeled) of the lock 708 so that a

lower surface (not labeled) of the flange 738 abuts the upper surface 724 of the holder 720.

In other embodiments, the collar 730 and the holder 720 may be connected via, for example,

adhesives, as shown above. In further embodiments, the collar 730 and the holder 720 may

be connected via both a mechanical connection and adhesives.

[0083] Once the lens barrel 740 is aligned about the θζ-axis 91, the collar may be connected

to the holder 720. The collar 730 and the holder 720 may be connected via, for example,

adhesives. As shown in Figure 7-1, the image sensor 715 may be elevated above the base

710. In other embodiments, the image sensor 715 may be directly attached to the base 710.

[0084] Referring now to Figures 8 and 8-1, Figure 8 is an exploded, isometric assembly

view of another embodiment of an optical system 801 and Figure 8-1 is a cross-sectional,

side view of the embodiment of an optical system 801 shown in Figure 8 . The optical system

801 may be incorporated into any of the optical systems 101, 201, 301, 401 described above

in connection with Figures 1-4 and/or one or more components of the optical system 801

may be incorporated into any of the optical systems described herein (e.g., optical systems

501, 601, 701).

[0085] The optical system 801 maybe similar to the optical systems 501, 601, 701 described

in connection with Figures 5-7. The optical system 801 is shown as having similar

components as the optical system 601 of Figures 6 and 6-1. For example, the optical system

801 may include a base 810, an image sensor 815, and various alignment components; a

holder 820, a collar 830, and a lens barrel 840, which may include surfaces (e.g., outer,

inner, upper, and lower surfaces), stops, and the like. Like components and portions of

components have been labeled with similar numbering for ease of description.

[0086] The holder 820, collar 830, lens barrel 840, or combinations thereof may include one

or more stops 836. The upper surface 834 of the collar 830 may act as a stop that may limit

the motion of the lens barrel 840 in the z-direction 90. The lens barrel 840 may include a

stop 846 that may abut the stop (e.g., the upper surface 834) of the collar 830.

[0087] The optical system 801 may be similar to the optical system 701. For example, the

collar 830 and the lens barrel 840 may be mechanically connected. For example, as shown



in Figures 8 and 8-1, the collar 830 includes threads 835 on the outer surface 831 and the

lens barrel 840 includes threads 845 on the inner surface 842.

[0088] The mechanical connection between the collar 830 and the lens barrel 840 may be

similar to the mechanical connection between the holder 620 and the collar 630 in Figures

6 and 6-1 and between the collar 730 and lens barrel 740 in Figures 7 and 7-1. For example,

for a threaded connection between the collar 830 and the lens barrel 840, rotation of the lens

barrel 840 within the collar 830 may adjust the distance 94 between the upper surface 844

of the lens barrel 840 and the base 810.

[0089] The lens barrel 840 may be aligned about the θζ axis 9 1 by rotating the collar 830

about the holder 820 until the optical axis 849 of the lens barrel 840 is aligned with an image

axis 819 of the image sensor 815, as shown in Figure 8-1. Rotating the lens barrel 840 may

also rotate the collar 830. For example, the lens barrel 840 may be affixed (e.g., by

adhesives) to the collar 830 after being threaded into the collar 830. Once the lens barrel

840 is aligned about the θζ-axis 91, the collar may be affixed to the holder 820.

[0090] More or fewer alignment components may be included in the embodiments

described above. For example, additional alignment components may be used. Multiple

components may make up an alignment components. For example, a holder may be

separated into multiple components such that one component is connected to the base and

another component is connected to the collar.

[0091] The present invention may be embodied in other specific forms without departing

from its spirit or characteristics. The described embodiments are to be considered in all

respects only as illustrative and not restrictive. The scope of the invention is, therefore,

indicated by the appended claims rather than by the foregoing description. All changes

which come within the meaning and range of equivalency of the claims are to be embraced

within their scope.



CLAIMS

1 . An optical system, comprising:

a base;

an image sensor fixed to the base;

a holder fixed to the base about the image sensor;

a collar oriented about the image sensor and the holder; and

a lens barrel oriented about the image sensor, the holder, and the collar, the

lens barrel including at least one lens oriented therein, two of the holder, the collar,

and the lens barrel including threads to mechanically attach.

2 . The optical system of claim 1, the holder including threads and the collar

including threads that mechanically attach to the threads of the holder.

3 . The optical system of claim 2, wherein the holder has external threads and

the collar has internal threads.

4 . The optical system of claim 2, wherein the holder has internal threads and

the collar has external threads.

5 . The optical system of claim 1, the collar including threads, the lens barrel

including threads that mechanically attach to the threads of the collar.

6 . The optical system of claim 5, wherein the lens barrel has external threads

and the collar has internal threads.

7 . The optical system of claim 5, wherein the barrel has internal threads and

the collar has external threads.

8 . The optical system of any of claims 1-7, wherein the lens barrel includes a

stop that abuts an upper surface of the collar.

9 . The optical system of any of claims 1-8, wherein the lens barrel is fixed to

the collar.

10. The optical system of any of claims 1-9, wherein an optical axis of the lens

barrel intersects an image axis of the image sensor.

11. The optical system of any of claims 1-10, wherein an optical axis of the lens

barrel is coaxial with an image axis of the image sensor.

12. The optical system of any of claims 1-1 1, further comprising a rotation lock

that fixes the collar to the holder.

13. The optical system of any of claims 1-12, wherein the image sensor is

capable of capturing visible light.



14. The optical system of any of claims 1-13, wherein the image sensor is

capable of capturing infrared light.

15. A camera module, comprising the optical system of any of claims 1-14.
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