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INFRARED CAMERA SYSTEM ARCHITECTURES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application also claims the benefit of U.S. Provisional Patent Application

No. 61/495,873 filed June 10, 201 1 and entitled "INFRARED CAMERA PACKAGING

SYSTEMS AND METHODS" which is hereby incorporated by reference in its entirety.

This application also claims the benefit of U.S. Provisional Patent Application

No. 61/495,879 filed June 10, 2011 and entitled "INFRARED CAMERA SYSTEM

ARCHITECTURES" which is hereby incorporated by reference in its entirety.

This application also claims the benefit of U.S. Provisional Patent Application

No. 61/495,888 filed June 10, 2011 and entitled "INFRARED CAMERA

CALIBRATION TECHNIQUES" which is hereby incorporated by reference in its

entirety.

TECHNICAL FIELD

One or more embodiments of the invention relate generally to imaging devices

and more particularly, for example, to infrared imaging devices.

BACKGROUND

Existing infrared imaging devices, such as infrared cameras, are often

implemented as large systems that may be mounted on fixed or mobile platforms. Other

infrared cameras may be configured for handheld use, but are generally rather large,

dedicated devices.

In this regard, conventional infrared cameras are generally not available in small

form factors suitable for use in other devices. Such factors generally limit the ability to

use infrared imaging devices in conjunction with other portable devices and in

environments where large camera systems are impractical. Accordingly, there is a need

for an improved infrared imaging device that exhibits a small form factor and may be

used with other portable devices

In addition, existing infrared imaging devices are often implemented for use with

various image processing devices. The image processing devices are often implemented

with dedicated hardware.

Unfortunately, such dedicated hardware is often limited in its flexibility. For

example, circuitry that may be optimized to perform certain image processing tasks may



not be easily adapted for use to perform additional image processing tasks, especially

when the image processing devices are to be located within the infrared camera itself and

therefore subject to limited space and power specifications.

Accordingly, there is a need for an improved approach to image processing

devices for infrared imaging devices, which for example may be more appropriate for

small form factor applications.

SUMMARY

Various techniques are disclosed for providing an infrared imaging module that

exhibits a small form factor and may be used with one or more portable devices. For

example, an infrared imaging module may be provided using wafer level packaging

techniques along with other novel infrared camera packaging techniques. Such an

infrared imaging module may be implemented with a housing that includes electrical

connections that may be used to electrically connect various components of the infrared

imaging module.

In one embodiment, an infrared imaging module may be configured to be inserted

in a socket of a host device. Such an embodiment may permit the infrared imaging

module to be implemented in a variety of different host devices to provide infrared

image detection capabilities to such host devices. Moreover, by using such a socket-

based implementation, the infrared imaging module may be added to the host device at a

time separate from the manufacture of the infrared imaging module or after the

manufacture of the host device.

In one embodiment, a device includes an infrared imaging module comprising a

housing configured to engage with a socket; an infrared sensor assembly within the

housing and adapted to capture infrared image data; a processing module within the

housing and adapted to process the image data; and a lens coupled to and at least

partially within the housing and configured to pass infrared energy through to the

infrared sensor assembly.

In another embodiment, a method includes passing infrared energy through a lens

coupled to and at least partially within a housing of an infrared imaging module of a

device, wherein the housing is configured to engage with a socket; capturing infrared

image data from the passed infrared energy at an infrared sensor assembly within the



housing; and providing electrical signals from the infrared sensor assembly to a

processing module within the housing.

In addition, various techniques are disclosed for providing system architectures

for processing modules of infrared imaging modules. In various embodiments, a

processing modules may perform digital infrared image processing of infrared images

captured by an infrared sensor of an infrared imaging module. In one embodiment, an

infrared sensor may be implemented with a small array size and appropriate read out

circuitry that permits the infrared sensor to capture and provide infrared images at a high

frame rate. The processing module may be implemented to process the captured infrared

images and provide processed images to a host device at a lower frame rate such that

each processed image is based on the processing of a plurality of the captured infrared

images.

In one embodiment, a processing module of an infrared imaging module includes

a first interface adapted to receive captured infrared images from an infrared image

sensor of the infrared imaging module; a processor adapted to perform digital infrared

image processing on the captured infrared images to provide processed infrared images;

and a second interface adapted to pass the processed infrared images to a host device.

In another embodiment, a method of operating a processing module of an infrared

imaging module includes receiving captured infrared images from an infrared image

sensor of the infrared imaging module over a first interface of the processing module;

performing digital infrared image processing on the captured infrared images to provide

processed infrared images; and passing the processed infrared images to a host device

over a second interface.

The scope of the invention is defined by the claims, which are incorporated into

this section by reference. A more complete understanding of embodiments of the

invention will be afforded to those skilled in the art, as well as a realization of additional

advantages thereof, by a consideration of the following detailed description of one or

more embodiments. Reference will be made to the appended sheets of drawings that will

first be described briefly.



BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates an infrared imaging module configured to be implemented in a

host device in accordance with an embodiment of the disclosure.

Fig. 2 illustrates an assembled infrared imaging module in accordance with an

embodiment of the disclosure.

Fig. 3 illustrates an exploded view of an infrared imaging module juxtaposed

over a socket in accordance with an embodiment of the disclosure.

Fig. 4 illustrates an example implementation of an optical element that may be

implemented in an infrared imaging module in accordance with an embodiment of the

disclosure.

Figs. 5A-E illustrate cross-sectional views of infrared imaging modules

implemented with several form factors in accordance with various embodiments of the

disclosure.

Figs. 5F-P illustrate additional views of infrared imaging modules implemented

with several form factors in accordance with various embodiments of the disclosure.

Figs. 6-8 illustrate infrared imaging modules implemented with several

topologies in accordance with various embodiments of the disclosure.

Fig. 9 illustrates a block diagram of a system architecture used to implement a

processing module of an infrared imaging module in accordance with an embodiment of

the disclosure.

Fig. 10 illustrates a block diagram of another system architecture used to

implement a processing module of an infrared imaging module in accordance with an

embodiment of the disclosure.

Embodiments of the invention and their advantages are best understood by

referring to the detailed description that follows. It should be appreciated that like

reference numerals are used to identify like elements illustrated in one or more of the

figures.



DETAILED DESCRIPTION

Fig. 1 illustrates an infrared imaging module 100 (e.g., an infrared camera or an

infrared imaging device) configured to be implemented in a host device 102 in

accordance with an embodiment of the disclosure. Infrared imaging module 100 may be

implemented, for one or more embodiments, with a small form factor and in accordance

with wafer level packaging techniques along with other novel infrared camera packaging

techniques as discussed herein.

In one embodiment, infrared imaging module 100 may be configured to be

implemented in a small portable host device 102, such as a mobile telephone, a tablet

computing device, a laptop computing device, a personal digital assistant, a visible light

camera, a music player, or any other appropriate device. In this regard, infrared imaging

module 100 may be used to provide infrared imaging features to host device 102. For

example, infrared imaging module 100 may be configured to capture, process, and/or

otherwise manage infrared images and provide such infrared images to host device 102

for use in any desired fashion (e.g., for further processing, to store in memory, to display,

to use by various applications running on host device 102, to export to other devices, or

other uses).

In various embodiments, infrared imaging module 100 may be configured to

operate at low voltage levels and over a wide temperature range. For example, in one

embodiment, infrared imaging module 100 may operate using a power supply of

approximately 2.4 volts, 2.5 volts, 2.8 volts, or lower voltages, and operate over a

temperature range of approximately -20 degrees C to approximately +60 degrees C (e.g.,

providing a suitable dynamic range and performance over approximately 80 degrees C).

In one embodiment, by operating infrared imaging module 100 at low voltage levels,

infrared imaging module 100 may experience reduced amounts of self heating in

comparison with other types of infrared imaging devices. As a result, infrared imaging

module 100 may be operated without requiring significant additional measures to

compensate for such self heating.

As shown in Fig. 1, host device 102 may include a socket 104, a shutter 105, a

processor 195, a memory 196, a display 197, and/or other components 198. Socket 104

may be configured to receive infrared imaging module 100 as identified by arrow 101.



In this regard, Fig. 2 illustrates infrared imaging module 100 assembled in socket 104 in

accordance with an embodiment of the disclosure.

Processor 195 may be implemented as any appropriate processing device (e.g.,

logic deice, microcontroller, processor, application specific integrated circuit (ASIC), or

other device) that may be used by host device 102 to execute appropriate instructions,

such as software instructions provided in memory 196. Display 197 may be used to

display captured and/or processed infrared images and/or other images, data, and

information. Other components 198 may be used to implement any features of host

device 102 as may be desired for various applications (e.g., a visible light camera or

other components).

In various embodiments, infrared imaging module 100 and socket 104 may be

implemented for mass production to facilitate high volume applications, such as for

implementation in mobile telephones or other devices (e.g., requiring small form

factors). In one embodiment, the combination of infrared imaging module 100 and

socket 104 may exhibit overall dimensions of approximately 8.5 mm by 8.5 mm by 5.9

mm while infrared imaging module 100 is installed in socket 104.

Fig. 3 illustrates an exploded view of infrared imaging module 100 juxtaposed

over socket 104 in accordance with an embodiment of the disclosure. Infrared imaging

module 100 may include a lens barrel 110, a housing 120, an infrared sensor assembly

128, a circuit board 170, a base 150, and a processing module 160.

Lens barrel 110 may at least partially enclose an optical element 180 which is

partially visible in Fig. 3 through an aperture 112 in lens barrel 110. Lens barrel 100

may include a substantially cylindrical extension 114 which may be used to interface

lens barrel 100 with an aperture 122 in housing 120.

Infrared sensor assembly 128 may be implemented, for example, with a cap 130

(e.g., a lid) mounted on a substrate 140. Infrared sensor assembly 128 may include a

plurality of infrared sensors 132 (e.g., infrared detectors) implemented in an array or

other fashion on substrate 140 and covered by cap 130 (e.g., shown in Figs. 5A-K, 5M-P,

and 8). For example, in one embodiment, infrared sensor assembly 128 may be

implemented as a focal plane array (FPA). Such a focal plane array may be

implemented, for example, as a vacuum package assembly (e.g., sealed by cap 130 and

substrate 140). In one embodiment, infrared sensor assembly 128 may be implemented



as a wafer level package (e.g., infrared sensor assembly 128 may be singulated from a set

of vacuum package assemblies provided on a wafer). In one embodiment, infrared

sensor assembly 128 may be implemented to operate using a power supply of

approximately 2.4 volts, 2.5 volts, 2.8 volts, or similar voltages.

Infrared sensors 132 may be configured to detect infrared radiation (e.g., infrared

energy) from a target scene including, for example, mid wave infrared wave bands

(MWIR), long wave infrared wave bands (LWIR), and/or other thermal imaging bands

as may be desired in particular implementations. In one embodiment, infrared sensor

assembly 128 may be provided in accordance with wafer level packaging techniques.

Infrared sensors 132 may be implemented, for example, as microbolometers or

other types of thermal imaging infrared sensors arranged in any desired array pattern to

provide a plurality of pixels. In one embodiment, infrared sensors 132 may be

implemented as vanadium oxide (VOx) detectors with a 17 µ pixel pitch. In various

embodiments, arrays of approximately 32 by 32 infrared sensors 132, approximately 64

by 64 infrared sensors 132, approximately 80 by 64 infrared sensors 132, or other array

sizes may be used.

Substrate 140 may include various circuitry including, for example, a read out

integrated circuit (ROIC) with dimensions less than approximately 5.5 mm by 5.5 mm in

one embodiment. Substrate 140 may also include bond pads 142 that may be used to

contact complementary connections positioned on inside surfaces of housing 120 when

infrared imaging module 100 is assembled as shown in Figs. 5A, 5B, and 5C. In one

embodiment, the ROIC may be implemented with low-dropout regulators (LDO) to

perform voltage regulation to reduce power supply noise introduced to infrared sensor

assembly 128 and thus provide an improved power supply rejection ratio (PSRR).

Moreover, by implementing the LDO with the ROIC (e.g., within a wafer level package),

less die area may be consumed and fewer discrete die (or chips) are needed.

Infrared sensor assembly 128 may capture images (e.g., image frames) and

provide such images from its ROIC at various rates. Processing module 160 may be

used to perform appropriate processing of captured infrared images and may be

implemented in accordance with any appropriate architecture. In one embodiment,

processing module 160 may be implemented as an ASIC. In this regard, such an ASIC

may be configured to perform image processing with high performance and/or high



efficiency. In another embodiment, processing module 160 may be implemented with a

general purpose central processing unit (CPU) which may be configured to execute

appropriate software instructions to perform image processing, coordinate and perform

image processing with various image processing blocks, coordinate interfacing between

processing module 160 and host device 102, and/or other operations. In yet another

embodiment, processing module 160 may be implemented with a field programmable

gate array (FPGA). Processing module 160 may be implemented with other types of

processing and/or logic circuits in other embodiments as would be understood by one

skilled in the art.

In these and other embodiments, processing module 160 may also be

implemented with other components where appropriate, such as, volatile memory, non

volatile memory, and/or one or more interfaces (e.g., infrared detector interfaces, inter-

integrated circuit (I2C) interfaces, mobile industry processor interfaces (MIPI), joint test

action group (JTAG) interfaces (e.g., IEEE 1149.1 standard test access port and

boundary-scan architecture), and/or other interfaces).

When infrared imaging module 100 is assembled, housing 120 may substantially

enclose infrared sensor assembly 128, base 150, and processing module 160. Housing

120 may facilitate connection of various components of infrared imaging module 100.

For example, in one embodiment, housing 120 may provide electrical connections 126 to

connect various components as further described.

Electrical connections 126 (e.g., conductive electrical paths, traces, or other types

of connections) may be electrically connected with bond pads 142 when infrared

imaging module 100 is assembled. In various embodiments, electrical connections 126

may be embedded in housing 120, provided on inside surfaces of housing 120, and/or

otherwise provided by housing 120. Electrical connections 126 may terminate in

connections 124 protruding from the bottom surface of housing 120 as shown in Fig. 3 .

Connections 124 may connect with circuit board 170 when infrared imaging module 100

is assembled (e.g., housing 120 may rest atop circuit board 170 as shown in Figs. 5A-C

and Figs. 5F-I). Processing module 160 may be electrically connected with circuit board

170 through appropriate electrical connections. As a result, infrared sensor assembly

128 may be electrically connected with processing module 160 through, for example,

conductive electrical paths provided by: bond pads 142, complementary connections on



inside surfaces of housing 120, electrical connections 126 of housing 120, connections

124, and circuit board 170. Advantageously, such an arrangement may be implemented

without requiring wire bonds to be provided between infrared sensor assembly 128 and

processing module 160.

In various embodiments, electrical connections 126 in housing 120 may be made

from any desired material (e.g., copper or any other appropriate conductive material). In

one embodiment, electrical connections 126 may aid in dissipating heat from infrared

imaging module 100.

Substrate 140 of infrared sensor assembly 128 may be mounted on base 150. In

various embodiments, base 150 (e.g., a pedestal) may be made, for example, of copper

formed by metal injection molding (MIM) and provided with a black oxide or nickel-

coated finish. In various embodiments, base 150 may be made of any desired material,

such as for example zinc, aluminum, or magnesium, as desired for a given application

and may be formed by any desired applicable process, such as for example aluminum

casting, MEVI, or zinc rapid casting, as may be desired for particular applications. In

various embodiments, base 150 may be implemented to provide structural support,

various circuit paths, thermal heat sink properties, and other features where appropriate.

In one embodiment, base 150 may be a multi-layer structure implemented at least in part

using ceramic material.

In various embodiments, circuit board 170 may receive housing 120 and thus

may physically support the various components of infrared imaging module 100. In

various embodiments, circuit board 170 may be implemented as a printed circuit board

(e.g., an FR4 circuit board or other types of circuit boards), a rigid or flexible

interconnect (e.g., tape or other type of interconnects), a flexible circuit substrate, a

flexible plastic substrate, or other appropriate structures. In various embodiments, base

150 may be implemented with the various features and attributes described for circuit

board 170, and vice versa.

Socket 104 may include a cavity 106 configured to receive infrared imaging

module 100 (e.g., as shown in the assembled view of Fig. 2). Infrared imaging module

100 and/or socket 104 may include appropriate tabs, arms, pins, fasteners, or any other

appropriate engagement members which may be used to secure infrared imaging module

100 to or within socket 104 using friction, tension, adhesion, and/or any other



appropriate manner. For example, as shown in Figs. 2-3, 5A-F, 5H, 5J, 5L-M, and 50-P,

socket 104 may include engagement members 107 that may engage surfaces 109 of

housing 120 when infrared imaging module 100 is inserted into a cavity 106 of socket

104. Other types of engagement members may be used in other embodiments.

Infrared imaging module 100 may be electrically connected with socket 104

through appropriate electrical connections (e.g., contacts, pins, wires, or any other

appropriate connections). For example, as shown in Figs. 3 and 5A-P, socket 104 may

include electrical connections 108 which may contact corresponding electrical

connections of infrared imaging module 100 (e.g., interconnect pads, contacts, or other

electrical connections on side or bottom surfaces of circuit board 170, bond pads 142 or

other electrical connections on base 150, or other connections). Electrical connections

108 may be made from any desired material (e.g., copper or any other appropriate

conductive material). In one embodiment, electrical connections 108 may be

mechanically biased to press against electrical connections of infrared imaging module

100 when infrared imaging module 100 is inserted into cavity 106 of socket 104. In one

embodiment, electrical connections 108 may at least partially secure infrared imaging

module 100 in socket 104. Other types of electrical connections may be used in other

embodiments.

Socket 104 may be electrically connected with host device 102 through similar

types of electrical connections. For example, in one embodiment, host device 102 may

include electrical connections (e.g., soldered connections, snap-in connections, or other

connections) that connect with electrical connections 108 passing through apertures 190

as shown in Figs. 2-3 and 5A-P. In various embodiments, such electrical connections

may be made to the sides and/or bottom of socket 104.

Various components of infrared imaging module 100 may be implemented with

flip chip technology which may be used to mount components directly to circuit boards

without the additional clearances typically needed for wire bond connections. Flip chip

connections may be used, as an example, to reduce the overall size of infrared imaging

module 100 for use in compact small form factor applications. For example, in one

embodiment, processing module 160 may be mounted to circuit board 170 using flip

chip connections. For example, in Figs. 5A-C, 5F-I, and 5L (further described herein),

infrared imaging module 100 may be implemented with such flip chip configurations.



In various embodiments, infrared imaging module 100 and/or associated

components may be implemented in accordance with various techniques (e.g., wafer

level packaging techniques) as set forth in U.S. Patent Application No. 12/844,124 filed

July 27, 2010, and U.S. Provisional Patent Application No. 61/469,651 filed March 30,

201 1, which are incorporated herein by reference in their entirety. Furthermore, in

accordance with one or more embodiments, infrared imaging module 100 and/or

associated components may be implemented, calibrated, tested, and/or used in

accordance with various techniques, such as for example as set forth in U.S. Patent No.

7,470,902 issued December 30, 2008, U.S. Patent No. 6,028,309 issued February 22,

2000, U.S. Patent No. 6,812,465 issued November 2, 2004, U.S. Patent No. 7,034,301

issued April 25, 2006, U.S. Patent No. 7,679,048 issued March 16, 2010, U.S. Patent No.

7,470,904 issued December 30, 2008, U.S. Patent Application No. 12/202,880 filed

September 2, 2008, and U.S. Patent Application No. 12/202,896 filed September 2,

2008, which are incorporated herein by reference in their entirety.

Fig. 4 illustrates an example implementation of optical element 180 that may be

implemented in infrared imaging module 100 in accordance with an embodiment of the

disclosure. In one embodiment, optical element 180 may be implemented as a silicon

etched wafer level single element optic in accordance with various dimensions shown in

Fig. 4 .

As also shown in Fig. 4, optical element 180 may be implemented substantially

as a cube, but with two slightly convex faces on faces providing apertures. For example,

optical element 180 may include a physical aperture 182 and a smaller clear aperture

184. Optical element 180 allows through the desired infrared wavelengths to infrared

sensor assembly 128.

In one embodiment, optical element 180 may be a single etched wafer level

optical element made of silicon with the following specifications: image plane of 0.54

mm by 0.54 mm (e.g., when implemented for an infrared sensor assembly 128 having a

32 by 32 array of infrared sensors 132 with 17 µ pixel pitch); horizontal field of view

(FoV) of approximately 55.7 degrees; F/# approximately equal to 0.91; modulated

transfer function (MTF) of approximately 0.46 at 29 cy/mm; an anti-reflective coating

with less than approximately two percent loss per surface; and focused at infinity.



In some embodiments, optical element 180 may be integrated as part of a wafer

level package that includes infrared sensor assembly 128. For example, optical element

180 may be implemented as part of cap 130, stacked on various components of infrared

sensor assembly 128 (e.g., with appropriate spacers provided therebetween), or otherwise

integrated with various components of infrared sensor assembly 128.

Referring again to Fig. 1, in various embodiments, host device 102 may include

shutter 105. In this regard, shutter 105 may be selectively positioned over socket 104

(e.g., as identified by arrows 103) while infrared imaging module 100 is installed therein.

In this regard, shutter 105 may be used, for example, to protect infrared imaging module

100 when not in use. Shutter 105 may also be used as a temperature reference as part of

a calibration process (e.g., a non-uniformity correction (NUC) process or other

calibration processes) for infrared imaging module 100 as would be understood by one

skilled in the art.

In various embodiments, shutter 105 may be made from various materials such

as, for example, polymers, glass, or other materials. In various embodiments, shutter 105

may include one or more coatings to selectively filter electromagnetic radiation and/or

adjust various optical properties of shutter 105 (e.g., a uniform blackbody coating or a

reflective gold coating).

In another embodiment, shutter 105 may be fixed in place to protect infrared

imaging module 100 at all times. In this case, shutter 105 or a portion of shutter 105

may be made from appropriate materials (e.g., polymers) that do not substantially filter

desired infrared wavelengths. In another embodiment, a shutter may be implemented as

part of infrared imaging module 100 (e.g., within or as part of a lens barrel or other

components of infrared imaging module 100), as would be understood by one skilled in

the art. Alternatively, in another embodiment, a shutter (e.g., shutter 105 or other type of

external or internal shutter) need not be provided, but rather a NUC process or other type

of calibration may be performed using shutterless techniques.

Figs. 5A-E illustrate cross-sectional views of infrared imaging modules 100

implemented with several form factors in accordance with various embodiments of the

disclosure. In particular, each of Figs. 5A-E shows a cross-sectional view of an infrared

imaging module 100 while installed in a corresponding socket 104, and another cross-



sectional view of the same infrared imaging module 100 but separated from its

corresponding socket 104.

It will be appreciated that Figs. 5A-E show a variety of physical implementations

of various components identified in Figs. 1-4. For example, Fig. 5A shows a physical

5 implementation of infrared imaging module 100 and socket 104 corresponding to the

embodiments illustrated in Figs. 2-3, while Figs. 5B-E show other examples of physical

implementations .

It will also be appreciated that, in Figs. 5A-C, electrical connections 126 may be

provided in housing 120 as discussed to infrared sensor assembly 128 and circuit board

0 170. In contrast, in Figs. 5D-E, wire bonds 143 and 145 may be used to connect infrared

sensor assembly 128 to processing module 160. In one embodiment, wire bonds 143 and

145 may pass through base 150. In another embodiment, wire bonds 143 and 145 may

connect to circuitry in base 150 without passing through base 150. In yet another

embodiment, wire bonds 143 and 145 may connect to electrical connections 147 to

5 provide electrical connections between various portions of infrared imaging module 100

to socket 104 and/or host device 102.

In some embodiments, sockets 104 shown in Figs. 5A-E may be implemented as

mobile telephone camera sockets available from, for example, Molex® Incorporated of

Lisle, Illinois in accordance with various part numbers identified in Table 1 below.

0 Table 1 further identifies various example aspects of sockets 104 shown in Figs. 5A-E.

TABLE 1

Figs. 5F-P illustrate additional views of infrared imaging module 100

implemented with several form factors in accordance with various embodiments of the

disclosure. For example, Fig. 5F illustrates an embodiment of infrared imaging module



100 similar to Fig. 5A. In Fig. 5F, electrical connections 126 are shown on an inside

surface of housing 120. In addition, electrical connections 108 are depicted in a

contrasting color for further clarity. Also, electrical connections 147 are shown on side

surfaces of circuit board 170 which may connect to electrical connections 108.

Fig. 5G illustrates an embodiment of infrared imaging module 100 similar to Fig.

5A with electrical connections 108 depicted in a contrasting color for further clarity on a

bottom surface of socket 104 which may be used to interface with appropriate

connections of host device 102.

Fig. 5H illustrates an embodiment of infrared imaging module 100 similar to Fig.

5C. In Fig. 5H, electrical connections 126 are shown on an inside surface of housing

120. In addition, electrical connections 108 are depicted in a contrasting color for further

clarity.

Fig. 51 illustrates an embodiment of infrared imaging module 100 that provides

another view of the embodiment shown in Fig. 5H. In Fig. 51, contacts 172 are shown on

a bottom surface of circuit board 170 which may contact electrical connections 108 when

infrared imaging module 100 is inserted into socket 104. Accordingly, it will be

appreciated that the various components of infrared imaging module 100 may be

electrically connected to host device 102 through contacts 172 and electrical connections

108.

Fig. 5J illustrates an embodiment of infrared imaging module 100 similar to Fig.

5D and with socket 104 similar to that illustrated in Fig. 5E. In Fig. 5J, electrical

connections 108 are depicted in a contrasting color for further clarity. Also, electrical

connections 147 are shown on side surfaces of circuit board 170 which may connect to

electrical connections 108.

Fig. 5K illustrates an embodiment of infrared imaging module 100 that provides

another view of the embodiment shown in Fig. 5J. In Fig. 5K, electrical connections 147

are further shown on bottom surfaces of circuit board 170 which may connect with

appropriate electrical connections 108.

Fig. 5L illustrates several embodiments of infrared imaging module 100 in

exploded views. For example, in Fig. 5L, electrical connections 126 are shown on an

inside surface of housing 120. Also, electrical connections 147 are shown on side

surfaces of circuit board 170 which may connect to electrical connections 108. In



addition, electrical connections 108 are depicted in a contrasting color for further clarity

inside socket and also on a bottom surface of socket 104 which may be used to interface

with infrared imaging module 100 and host device 102.

Fig. 5M illustrates an embodiment of infrared imaging module 100 implemented

with various components of infrared sensor assembly 128 (e.g., cap 130 and substrate

140) having a substantially uniform width. In one embodiment, such an implementation

may permit the various components of infrared sensor assembly 128 to be singulated

together during manufacture. In Fig. 5M, substrate 140 may be implemented with a split

(e.g., multi-layer) implementation with the ROIC provided on one or both layers and

connected to other circuitry of substrate 140 through the layers (e.g., through appropriate

silicon vias or other connections). As also shown in Fig. 5M, substrate 140 may be

connected to base 150 through solder balls 144 (e.g., to implement flip chip mounting),

and processing module 160 may be connected to base 150 through wire bonds 145. Fig.

5N illustrates an embodiment of infrared imaging module 100 that provides another view

of the embodiment shown in Fig. 5M.

Fig. 50 illustrates an embodiment of infrared imaging module 100 with infrared

sensor assembly 128 implemented in a similar fashion as Figs. 5M-N. In Fig. 50,

processing module 160 may be integrated as part of substrate 140.

Fig. 5P illustrates an embodiment of infrared imaging module 100 that provides

another view of the embodiment shown in Fig. 50. Fig. 5P further illustrates electrical

connections 108 on a bottom surface of socket 104.

Additional implementations of infrared imaging modules 100 are also

contemplated. For example, Figs. 6-8 illustrate infrared imaging modules 100

implemented with several topologies in accordance with various embodiments of the

disclosure.

For example, Fig. 6 illustrates infrared imaging module 100 after encapsulation.

Fig. 7 illustrates infrared imaging module 100 with processing module 160 mounted on

circuit board 170 and external to housing 120 to provide a lower overall profile for

imaging module 100.

Fig. 8 illustrates infrared imaging module 100 of Fig. 7 with housing 120 shown

transparent for purposes of illustrating examples of cap 130, an array of infrared sensors



132, and wire bonds 143. As shown in Fig. 8, various components of infrared sensor

assembly 128 may be connected to circuit board 170 through wire bonds 143.

Fig. 9 illustrates a block diagram of a system architecture 900 used to implement

processing module 160 for infrared imaging module 100 in accordance with an

embodiment of the disclosure. System architecture 900 includes, for example, an

infrared sensor interface 902, image processing blocks 904 (e.g., denoted # 1 through #n),

a memory interface 906, a volatile memory 908 (e.g., a static read only memory (SRAM)

or another type of volatile memory), a central processing unit (CPU) 910, a non-volatile

memory 912 (e.g., a flash read only memory (ROM) or another type of non-volatile

memory), an I2C interface 914, a MIPI interface 916, LDO regulators 918, and various

other components 920 (e.g., a 2.4 volt interface, a 2.5 volt interface, a 2.8 volt interface,

a JTAG interface, a phase locked loop (PLL), a crystal oscillator, supervisor and reset

interfaces, and other interfaces or components as may be appropriate in various

embodiments).

Infrared sensor interface 902 may support communications between system

architecture 900 and infrared sensor assembly 128. For example, infrared sensor

interface 902 may send and receive communications to and from infrared sensor

assembly 128 through electrical connections 126 in housing 120 or through wire bonds

143 and 145.

As shown in Fig. 9, infrared sensor interface 902 may send communications (e.g.,

infrared images in the form of analog voltages or digital data values) to image processing

blocks 904. In addition, infrared sensor interface 902 may receive communications (e.g.,

digital data values) from memory interface 906.

In various embodiments, infrared sensor interface 902 may provide voltage rails,

clocks, synchronization information, and calibration data (e.g., biasing information) to

infrared sensor assembly 128. For example, in one embodiment, infrared sensor

interface 902 may be implemented with hard coded state machines to control

communications between infrared sensor assembly 128 and processing module 160.

In another embodiment, calibration data may be stored in non-volatile memory

912, accessed from non-volatile memory 912 by CPU 910, stored by CPU 910 in volatile

memory 908 through memory interface 906, accessed from volatile memory 908 by



infrared sensor interface 902 through memory interface 906, and provided to infrared

sensor assembly 128 by infrared sensor interface 902.

Image processing blocks 904 may perform various image processing operations

on captured infrared images (e.g., image data provided in the form of pixel values or

other appropriate forms) captured by infrared sensor assembly 128.

Memory interface 906 may be used to support communications between image

processing blocks 904, volatile memory 908, and CPU 910. Non-volatile memory 912

may be used by image processing blocks 904 and CPU for storage of data and/or

software instructions.

CPU 910 may be used, for example, to coordinate (e.g., manage) the processing

performed by image processing blocks 904 and the interfacing between processing

module 160 and host device 102.

I2C interface 914 may be used to support communications between CPU 910 and

host device 102. MIPI interface 916 may be used to support communications between

image processing blocks 904 and other components of infrared imaging module 100

and/or host device 102.

LDO regulators 918 may be used to regulate voltages of various components of

system architecture 900 and/or other components of infrared imaging module 100 (e.g.,

LDO regulators 918 may perform voltage regulation to reduce power supply noise

introduced to infrared sensor assembly 128). Other components 920 may be used, for

example, to provide various ports and interfaces, and perform clocking, synchronization,

supervisor and reset operations, and other operations for system architecture 900.

In operation, infrared sensor interface 902 may receive infrared images from

infrared sensor assembly 128. In one embodiment, infrared sensor assembly 128 may

include appropriate analog-to-digital converter circuitry to convert analog voltages

provided by its ROIC into digital data values provided to infrared sensor interface 902.

In another embodiment, such infrared images may be received from the ROIC of infrared

sensor assembly 128 as analog voltages and converted into digital data values by infrared

sensor interface 902 for further processing by image processing blocks 904. In another

embodiment, infrared sensor interface 902 may pass such analog voltages to image

processing blocks 904 which may convert the analog voltages to digital data values for

further processing. After conversion of the infrared images into digital form, they may



be processed by image processing blocks 904 using various processing techniques as

discussed.

Accordingly, it will be appreciated that the combination of infrared sensor

assembly 128 and system architecture 900 may provide a combined analog/digital

system in which infrared images are captured in analog form (e.g., by infrared sensor

assembly 128) and processed digitally (e.g., by system architecture 900). Processed

infrared images may be provided to host device 102 in digital form through I2C interface

914.

Fig. 10 illustrates a block diagram of another system architecture 1000 used to

implement processing module 160 of infrared imaging module 100 in accordance with

an embodiment of the disclosure. It will be appreciated that system architecture 1000

includes various components of system architecture 900 which may be operated in the

same or similar fashion as previously discussed.

However, in system architecture 1000, image processing blocks 904 are not

provided. Instead, the image processing features provided by image processing blocks

904 may be performed instead by a CPU 1010 in system architecture 1000. In this

regard, system architecture 1000 may be viewed as a CPU-centric system architecture

that may be scaled and configured to perform any desired infrared image processing

tasks by configuring CPU 1010 with appropriate software. In addition, by using CPU

1010, advanced power management features may be provided and implementation costs

may be reduced over other system architectures.

Also in system architecture 1000, an infrared sensor interface 1002 may be

provided in place of infrared sensor interface 902. In this regard, infrared sensor

interface 1002 may send and receive communications (e.g., infrared images in the form

of digital data values) to and from memory interface 906. Infrared sensor interface 1002

may be further configured to operate in the manner described with regard to infrared

sensor interface 902.

In operation, CPU 1010 may perform digital processing of infrared images in

accordance with various techniques described herein. In this regard, analog voltages

provided by the ROIC of infrared sensor assembly 128 may be converted into digital

data values using appropriate analog-to-digital converter circuitry of image sensor

assembly 128 or of infrared sensor interface 1002. Infrared sensor interface 1002 may



pass digital data values corresponding to infrared images to memory interface 906 for

storage in volatile memory 908 for further use by CPU 1010.

In various embodiments of system architectures 900 and 1000, processing blocks

904, CPU 910, and/or CPU 1010 may be implemented by, for example, one or more

ASICs, general purpose CPUs, FPGAs, and/or other types of processing and/or logic

circuits as may be desired in particular implementations.

In various embodiments, system architectures 900 and 1000 may be used to

abstract the operations of infrared imaging module 100 from host device 102. In this

regard, manufacturers and software developers for host device 102 may receive infrared

images from infrared imaging module 100 without requiring knowledge of image

detection and processing operations.

In various embodiments, infrared sensors 132, ROIC, and other components of

infrared sensor assembly 128 may be implemented to support high image capture rates.

For example, in one embodiment, infrared sensor assembly 128 may capture infrared

images at a frame rate of 240 Hz (e.g., 240 images per second). In this embodiment,

such a high frame rate may be implemented, for example, by operating infrared sensor

assembly 128 at relatively low voltages (e.g., compatible with mobile telephone

voltages) and by using a relatively small array of infrared sensors 132.

In one embodiment, such infrared images may be provided from infrared sensor

assembly 128 to processing module 160 at a high frame rate (e.g., 240 Hz or other frame

rates). In another embodiment, infrared sensor assembly 128 may integrate over

multiple time periods to provide integrated (e.g., averaged) infrared images to processing

module 160 at a lower frame rate (e.g., 30 Hz, 9 Hz, or other frame rates).

Processing module 160 (e.g., implemented by system architecture 900 or 1000, or

any other appropriate system architecture) may perform various processing on infrared

images received from infrared sensor assembly 128. Such processing may be performed

in accordance with various digital infrared image processing techniques including, for

example, image filtering, temporal filtering, digital integration, pixel or image averaging,

image smoothing, determining sensor frame based coefficients, determining temperature

corrections, determining factory and scene based non-uniformity corrections,

determining bad pixels and replacing pixel data for such bad pixels, automatic gain

control (AGC) and/or other techniques. The resulting processed images provided by



processing module 160 to host device 102 may be at a lower frame rate (e.g., 60 Hz, 30

Hz, 9 Hz, or other frame rates) than the infrared images received from infrared sensor

assembly 128.

Where applicable, various embodiments provided by the present disclosure can

be implemented using hardware, software, or combinations of hardware and software.

Also where applicable, the various hardware components and/or software components

set forth herein can be combined into composite components comprising software,

hardware, and/or both without departing from the spirit of the present disclosure. Where

applicable, the various hardware components and/or software components set forth

herein can be separated into sub-components comprising software, hardware, or both

without departing from the spirit of the present disclosure. In addition, where applicable,

it is contemplated that software components can be implemented as hardware

components, and vice-versa.

Software in accordance with the present disclosure, such as non-transitory

instructions, program code, and/or data, can be stored on one or more non-transitory

machine readable mediums. It is also contemplated that software identified herein can be

implemented using one or more general purpose or specific purpose computers and/or

computer systems, networked and/or otherwise. Where applicable, the ordering of

various steps described herein can be changed, combined into composite steps, and/or

separated into sub-steps to provide features described herein.

Embodiments described above illustrate but do not limit the invention. It should

also be understood that numerous modifications and variations are possible in

accordance with the principles of the invention. Accordingly, the scope of the invention

is defined only by the following claims.



CLAIMS

What is claimed is:

1 . A device comprising:

an infrared imaging module comprising:

a housing configured to engage with a socket;

an infrared sensor assembly within the housing and adapted to capture

infrared image data;

a processing module within the housing and adapted to process the image

data; and

a lens coupled to and at least partially within the housing and configured

to pass infrared energy through to the infrared sensor assembly.

2 . The device of claim 1, further comprising a plurality of electrical

connections in the housing and adapted to pass electrical signals from the infrared sensor

assembly to the processing module.

3 . The device of claim 2, further comprising:

a first circuit board in electrical contact with the infrared sensor assembly and the

electrical connections;

a second circuit board in electrical contact with the processing module and the

electrical connections; and

wherein the electrical connections and the first and second circuit boards are

adapted to pass the electrical signals from the infrared sensor assembly and the

processing module.

4 . The device of claim 3, wherein the processing module is mounted to the

second circuit board by flip chip connections.

5 . The device of claim 1, further comprising a plurality of wire bonds

adapted to pass electrical signals from the infrared sensor assembly to the processing

module.



6 . The device of claim 1, wherein the device further comprises the socket,

and wherein the infrared imaging module is substantially within the socket.

7 . The device of claim 6, wherein the socket is coupled to the device such

that the infrared imaging module is configured as an infrared camera for the device.

8 . The device of claim 7, wherein the device is a mobile telephone.

9 . The device of claim 1, further comprising a shutter adapted to be

selectively positioned in front of the infrared imaging module to block infrared energy

external to the host device from the infrared sensor assembly.

1 0 . A method comprising:

passing infrared energy through a lens coupled to and at least partially within a

housing of an infrared imaging module of a device, wherein the housing is configured to

engage with a socket;

capturing infrared image data from the passed infrared energy at an infrared

sensor assembly within the housing; and

providing electrical signals from the infrared sensor assembly to a processing

module within the housing.

1 1 . The method of claim 10, wherein the electrical signals are provided

through a plurality of electrical connections in the housing.

1 2 . The method of claim 11, wherein the infrared imaging module further

comprises:

a first circuit board in electrical contact with the infrared sensor assembly and the

electrical connections;

a second circuit board in electrical contact with the processing module and the

electrical connections; and

wherein the electrical signals are provided through the electrical connections, the

first circuit board, and the second circuit board.



1 3 . The method of claim 12, wherein the processing module is mounted to the

second circuit board by flip chip connections.

1 4 . The method of claim 10, wherein the electrical signals are provided

through a plurality of wire bonds.

1 5 . The method of claim 10, wherein the device further comprises the socket,

and wherein the infrared imaging module is substantially within the socket.

1 . The method of claim 15, wherein the socket is coupled to the device such

that the infrared imaging module is configured as an infrared camera for the device.

1 7 . The method of claim 16, wherein the device is a mobile telephone.

1 8 . The method of claim 10, further comprising selectively positioning a

shutter of the device in front of the infrared imaging module to block infrared energy

external to the device from the infrared sensor assembly.

1 9 . A processing module of an infrared imaging module, the processing

module comprising:

a first interface adapted to receive captured infrared images from an infrared

image sensor of the infrared imaging module;

a processor adapted to perform digital infrared image processing on the captured

infrared images to provide processed infrared images; and

a second interface adapted to pass the processed infrared images to a host device.

2 0 . The processing module of claim 19, further comprising:

a memory interface;

a memory; and

wherein the first interface is adapted to receive the captured infrared images and

provide the captured infrared images to the memory interface as digital data for storage

in the memory for use by the processor to perform the digital infrared image processing.



2 1 . The processing module of claim 19, wherein:

the first interface is adapted to receive the captured infrared images at a first

frame rate;

the processor is adapted to process a plurality of the captured infrared images to

provide each one of the result infrared images; and

the second interface is adapted to pass the result infrared images to the host

device at a second frame rate that is less than the first frame rate.

2 2 . The processing module of claim 19, wherein the processor is a central

processing unit (CPU) adapted to perform the digital infrared image processing without

dedicated image processing blocks.

2 3 . The processing module of claim 19, wherein the first interface is adapted

to receive the captured infrared images from a read out integrated circuit (ROIC) of the

infrared image sensor.

2 4 . The processing module of claim 19, wherein the processing module is

electrically connected to the infrared image sensor through electrical connections in a

housing of the infrared imaging module.

2 5 . The processing module of claim 19, wherein the infrared imaging module

is adapted to be received by a socket, wherein the socket is adapted to be installed in the

host device.

2 6 . The processing module of claim 19, wherein the host device is a mobile

telephone.

2 7 . A method of operating a processing module of an infrared imaging

module, the method comprising:

receiving captured infrared images from an infrared image sensor of the infrared

imaging module over a first interface of the processing module;



performing digital infrared image processing on the captured infrared images to

provide processed infrared images; and

passing the processed infrared images to a host device over a second interface.

2 8 . The method of claim 27, further comprising providing the captured

infrared images from the first interface to a memory interface as digital data for storage

in a memory for use by a processor to perform the digital infrared image processing.

2 9 . The method of claim 27, wherein:

the receiving captured infrared images comprises receiving the captured infrared

images at a first frame rate;

the performing digital infrared image processing comprises processing a plurality of

the captured infrared images to provide each one of the result infrared images; and

the passing the result infrared images comprises passing the result infrared images

to the host device at a second frame rate that is less than the first frame rate.

3 0 . The method of claim 27, wherein the performing digital infrared image

processing is performed by a central processing unit (CPU) adapted to perform the

digital infrared image processing without dedicated image processing blocks.

3 1 . The method of claim 27, wherein the receiving captured infrared images

comprises receiving captured infrared images from a read out integrated circuit (ROIC)

of the infrared image sensor

3 2 . The method of claim 27, wherein the processing module is electrically

connected to the infrared image sensor through electrical connections in a housing of the

infrared imaging module

3 3 . The method of claim 27, wherein the infrared imaging module is adapted

to be received by a socket, wherein the socket is adapted to be installed in the host device

3 4 . The method of claim 27, wherein the host device is a mobile telephone.
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