(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/170940 A1

13 December 2012 (13.12.2012) WIPO I PCT
(51) International Patent Classification: (74) Agent: MICHELSON, Gregory J.; Haynes And Boone,
G01J 5/20 (2006.01) HOIL 27/146 (2006.01) LLP, 2323 Victory Avenue, Suite 700, Dallas, Texas
. .. 75219-7673 (US).
(21) International Application Number:
PCT/US2012/041738 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
8 June 2012 (08.06.2012) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: Enghsh DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13/157,762 10 June 2011 (10.06.2011) Us OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicant (for all designated States except US): FLIR TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
SYSTEMS, INC. [US/US]; 27700 SW Parkway Avenue, . L
Wilsonville, Oregon 97070 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(75) Inventors/Applicants (for US only): CANNATA, Robert, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
F. [US/US]; 70 Castilian Drive, Goleta, California 93117- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
3027 (US). PETRAITIS, Yaroslava [US/US]; 70 Castili- EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
an Drive, Goleta, California 93117-3027 (US). FRANK- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
LIN, Patrick [US/US]; 70 Castilian Drive, Goleta, Califor- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
nia 93117-3027 (US). SIMES, Robert [US/US]; 70 ML, MR, NE, SN, TD, TG).
Cagstilian Drive, Goleta, California 93117-3027 (US). Published:

BORNFREUND, Richard E. [US/US]; 70 Castilian

Drive, Goleta, California 93117-3027 (US).

with international search report (Art. 21(3))

20127170940 A1 I 000 00 RO O

500 -
¥

(54) Title: MULTILAYERED MICROBOLOMETER FILM DEPOSITION

536

834 B30

e 332

e 520

516

o514

31
J 5

- 312

FIG. 5

(57) Abstract: A microbolometer is disclosed, including a bottom multilayered dielectric (510), having a first silicon oxynitride lay -
er (514) and a second silicon oxynitride layer (516) disposed above the first silicon oxynitride layer (514), the first (514) and second
(516) silicon oxynitride layers having different refractive indices. The microbolometer further includes a detector layer (520) dis -

o posed above the bottom multilayered dielectric (510), the detector layer (520) comprised of a temperature sensitive resistive mateti-

W

al, and a top dielectric (530) disposed above the detector layer (520).



10

15

20

25

WO 2012/170940 PCT/US2012/041738

MULTILAYERED MICROBOLCMETER FILM DEPOSITION

Robert F. Cannata, Yarcslava Petraitis,

Patrick Franklin, Robert Simes, & Richard E. Bornfreund

TECHNICAL FIELD

The present disclosure relates generally to infrared
cameras, and, more particularly, to microbolometer detectors and

focal plane arrays.
BACKGROUND

During the 1880's, an infrared detector called the
bolometer was developed. The bolometer operates on the
principle that the electrical resistance of the bolometer
material changes with respect to the bolometer temperature,
which in turn changes in response to the gquantity of absorbed
incident infrared radiation. These characteristics can be
exploited to measure incident infrared radiation on the
bolometer by sensing the resulting change in its resistance.
When used as an infrared detector, the bolometer is generally
thermally isoclated from its supporting substrate or surroundings
to allow the absorbed incident infrared radiation to generate a

temperature change in the bolometer material.

Microcbolometer arrays are typically fabricated on
monolithic gilicon substrates or integrated circuits by
constructing two-dimensgional arrays cf closely spaced air bridge
structures coated with a temperature sensitive resistive

material, such ag vanadium oxide, that abksorbs infrared
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radiation. The air bridge structure provides thermal isclation

between the microbolometer detector and the silicon substrate.

With each microbolometer functioning as a pixel within the
array, a two-dimensional image or picture representation of the
incident radiation can be generated by translating the changes
in resgistance of each microbolometer into a time-multiplexed
electrical signal that can be displayed on a monitor or stored
in a memory. The circuitry used to perform this translation is
commonly known as the read out integrated circuit (ROIC), and
may be fabricated as an integrated circuit in the silicon
substrate. The microbolometer array may then be fabricated on
top of the ROIC. The combination of the RCIC and microbolometer
array ig commonly known as a microbolometer infrared focal plane

array (FPA).

Conventional micrcbolometers may have various performance
limitations, such as for example decreased sensitivity due to
inadeguate thermal isolation, a temperature coefficient of
registance mismatch of circuilt elements, a contraction of
optical absorption spectra, and/or a limited spectral response
range. As a result, there is a need for improved detectors and

manufacturing processes that may enhance detector performance.
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SUMMARY

The present disclosure provides for various advantageous
microbolometers, focal plane arrays, and methods of fabricating
a microbolometer, in accordance with cne or more embodiments.
For example, In accordance with an embodiment, a microbolometer
includes a bottom multilayered dielectric, having a first
silicon oxynitride layer and a second silicon oxynitride layer
disposed abkove the first silicon oxynitride layer, the first and
seccnd silicon oxynitride layers having different refractive
indices. The microbolometer may further include a detector
layer disposed above the bottom multilayered dielectric, the
detector layer comprised of a temperature sensitive resistive
material, and a top dielectric disposed above the detector

layer.

In accordance with another embodiment cf the present
disclosure, a focal plane array includes a readout circuit
(ROIC), and a plurality of micrcbolometers electrically coupled
to the ROIC, each microbolometer including elements as those

described above and herein.

In accordance with yet another embodiment of the present
disclosure, a method for fabricating a microbolometer includes
forming a first silicon oxynitride layer having a first
refractive index, and forming a second silicon oxynitride layer
above the first silicon oxynitride layer, the second silicon
oxynitride layer having a second refractive index different from
the first refractive index. The method may further include
forming a detector layer above the second silicon oxyniﬁride
layer, the detector layer compriged of a temperature sensitive
resistive material, and forming a top dielectric above the

detector layer.



WO 2012/170940 PCT/US2012/041738

The scope of the disclosure is defined by the claims, which
are incorporated into this section by reference. A more
complete understanding of embodiments of the present disclosure
will be afforded to those gkilled in the art, as well as a
realization of additional advantages therecf, 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 DESCRIFTION OF THE DRAWINGS

FIGS. 1A and 1B illustrate a schematic diagram and a
perspective view, respectively, of a single microbolometer
detector with two terminal interconnects in accordance with

embodiments of the present disclosure.

FIGS. 2A and 2B illustrate a gchematic diagram and a
perspective view, respectively, of a three-by-three array of
two-terminal microbolometer detectors in accordance with

embodiments of the present disclosure.

FIG. 3 illustrates an example of a read out integrated

cireuit (RQIC).

FIG. 4 illustrates a cross-sectiocnal diagram of a
microbolometer bridge with a multilayered dielectric in

accordance with an embodiment of the present disclosure.

FIG. 5 illustrates a crogss-gectional diagram of a
microbolometer bridge with a multilayered dielectricg in

accordance with another embodiment of the present disclogure.

FIG. 6 illustrates a cross-sectional diagram of a
microbolometer bridge with a multilayered dielectric in

accordance with another embodiment of the present disclosure.
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FIG. 7 illustrates a block diagram illustrating a system
for capturing images in accordance with an embodiment of the

pregent disclosure.

FIG. 8 illustrates a flowchart showing a method of
fabricating a wmicrobolometer including a multilayered dielectric

in accordance with an embodiment of the present disclcsure.

FIG. 9 i1llustrates an absorption graph in accordance with

an embodiment of the present disclosure.

Embodiments of the present disclosure and their advantages
are best understcod by referring to the detailed description
that follows. It should be appreciated that like reference
numerals are used to identify like elementsg illustrated in one

or more of the figures.
DETATLED DESCRIPTION

FIGS. 1A and 1B illustrate a schematic diagram and a
perspective view, resgpectively, of a gingle microbolometer
detector 10C with a two terminal interconnection in accordance

with embodiments of the present disclosure.

Microbolometer 100 is thermally isolated from its
supporting substrate or surroundings to allow the absorbed
incident infrared radiation 102 to generate a temperature change
in the microbolometer material. This isolation is designated by
the dashed square box around the detector 100. The thermally
isolated microbolometer 10C changes temperature in response to
the incident radiation level, changes in the substrate
temperature, and the electrical power dissipated in the detector

during the measurement of the microbolometer resistance.

In systems where a single detector is employed, two
conductive leads can be attached to the micrcbolometer material

previding a means of conducting current throuch the

- 5 -
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microbolometer to sense its resistance. FIG. 1A and 1B
illustrate the electrical connection to the microbolometer
detector. In this case, a thermally isclated microbolometér 100
ig shown in the presence of incident infrared radiation 102 with
two leads connecting to microbolometer terminals R+ and R-.

FIG. 1B shows an example of a physical implementation of the
microbolometer 100. The R+ and R- electrical connections to the
microbolometer are created at the ends of legg 104 where the

microbolometer comes in contact with a gubstrate 106.

FIGS. 2A and 2B illustrate a schematic diagram and a
perspectiﬁe view, respectively, of a three-by-three array 20C of
two-terminal microbolometer detectors 100 showing nine pesitive
and negative interconnect terminals in accordance with

embcecdiments of the present disclosure.

In casges where it is desired to sense the resistance or
temperature of an array of microbolometer detectors it may
become physically impractical to provide individual wire lead
connections for each detector. FIGS. 2A, 2B, and 3 illustrate a
method of interconnecting to a microbolometer detector array.
Shown in FIGS. 2A and 2B ig a three-by-three detector array 20C
requiring nine positive and negative interconnects.
Interconnects for the individual microbolometer detectors 100 in
the array are created as part of the fabrication process, and

contact the circuitry in the silicon substrate 106.

Large two-dimengional arrays of microbolometers can utilize

a read out integrated circuit (ROIC) to provide the required

bolometer interface, an example of which is illustrated in FIG.
3. The ROIC incorporates circuitry that is placed in spatial
proximity to the detectors to perform the functions of the
detector interface and multiplexing. The circuitry associated

with a particular microbolometer detector may be located in the
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gilicon substrate directly beneath the detector and may be

referred to ag the unit cell.

By time-multiplexing signalg of the microbolometer
detectors, the number of required electrical interconnect leads
can be greatly reduced. To simplify the multiplexing process
and system interface, the ROIC may include digital logic
circulitry to generate the signals required fto control row and

cclumn address switches in an array.

FIG. 3 illustrates an example ROIC for an 8 X 8 array of
microbolometer detectors. The array of unit cells, column
amplifiers, a column multiplexer 306, and a row multiplexer 308
may be integrated on to a single ROIC silicon die 302. The
micrcbolometer array may be constructed on top of the unit cell
array. The ROIC further includes bias generation and timing
centrol circuitry 304 and an cutput amplifier 310. The ROIC
provides critical interfaceg for both the microbolometer
detector array and the external system. Further descriptions of
RCIC and microbolometer circuits may be found in U.8. Patent No.
6,028,309, which is incorporated by reference in its entirety

herein for all purposes.

FIG. 4 illustrates a cross-sectional diagram of a
microbolometer bridge 400 with a multilayered dielectric alcng a
line I-I’ in FIGS. 1B and 2B in accordance with an embodiment of

the present disclosure.

Microbolometer bridge 400 includes a bottom multilayered
dielectric 410, a detector layer 420 disposed above the bottom
multilayered dielectric 410, and a top dielectric 430 disposed
above the detector layer 420. In one example, bottom
multilayered dielectric 410 may be comprised of a plurality of
dielectric layers, such as gilicon cxynitride {8i0ON)} and/or

silicon nitride. In one example, the detector layer 420 may be
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comprised cf a temperature sensitive resistive material. For
example, the detector layer 420 may be comprised of vanadium
oxide and have a thickness between about 300 and about 800
angstromg. As a specific example, the detector layer 420 may be
comprised of vanadium oxide and have a thickness of about 600
angstroms. In one example, top dielecﬁric 430 may be comprised
of a single dielectric layer or a plurality of dielectric

layers, such as SiON and/or silicon nitride.

FIG. 5 illustrates a cross-sectional diagram of a
microbolometer bridge 500 along a line I-I’7 in FIGS. 1B and 2B

in accordance with another embodiment of the present disclosure.

Microbelometer bridge 500 includes a bottom multilayered
dielectric 510, a detector layer 520 disposed above the bottom
multilayered dielectric 510, and a top dielectric 530 disposed
above the detector layer 520. Table 1 below shows thickness
ranges and refractive indices of the various layers of

microbelometer bridge 500 according to one example.

TABLE 1
Layer Thicknesg (A) |Refractive Index
Top Dielectric
(SipMy) 200-1200 l1.6-2.2
(4™ S10.Ny) 200-1200 1.3-1.9
(37" Si0.Ny) 200-1200 1.3-1.8
Detectgr Laygr 100-800 ~1.5
{Vanadium Oxide)
Bottom Dielectric
(2" S10,N,) 200-2000 1.3-1.8
(13" S10.N,) 200-2000 1.3-1.9
(S1ipNy) 200-2000 1.6-2.2

In one example, bottom multilayered dielectric 510 includes
a first gilicon nitride layer 512, a first silicon oxynitride

layer 514 disposed above first silicon nitride layer 512, and a
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second silicon oxynitride layer 516 disposed above the first
silicon oxynitride layer 514. The first and second silicon
oxynitride layers 514, 516 have different refractive indices in

cne example.

In one example, firgt silicon nitride layer 512 has a
thickness between about 200 and about 200C angstroms and a
refractive index between zbout 1.6 and about 2.2, first silicon
oxynitride layer 514 has a thickness between about 200 and about
2000 angstroms and a refractive index between abeout 1.3 and
about 1.9, and second silicon cxynitride layer 516 has a
thickness between about 200 and about 2000 angstroms and a

refractive index between abkout 1.3 and about 1.8.

In one example, first silicon nitride layer 512 has a
thickness of about 200 angstroms and a refractive index of about
2.1, first silicon oxynitride layer 514 has a thickness of about
750 angstroms and a refractive index of about 1.7, and second
silicon oxynitride layer 516 has a thickness of about 500
angstroms and a refractive index of about 1.5. In cne example,
the first silicon oxynitride layer 514 and the second silicon
oxynitride layer 516 are formed consecutively during cne growth

ruan.

In another example, first silicon nitride layer 512 has a
thickness of about 200 angstroms and a refractive index of about
2.1, first silicon oxynitride layer 514 has a thickness of about
750 anggtroms and a refractive index of about 1.7, and second
silicon oxynitride layer 516 has a thickness of about 1500
angstroms and a refractive index of about 1.5. In one example,
the first silicon oxynitride layer 514 and the second silicon
oxynitride layer 516 are formed consecutively during one growth

rumn,
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In one example, the detector layer 520 may be comprised of
a temperature sensitive resistive material. For example, the
detector layer 520 may be comprised of vanadium oxide and have a
thickness between about 300 and about 800 angstroms. Ag a
specific example, the detector layer 520 may be comprised of

vanadium oxide and have a thickness of about 600 angstroms.

In one example, top dielectric 530 is a top multilayered
dielectric including a third silicon oxynitride layer 532
disposed above the detector layer 520, a fourth silicon
oxynitride layer 534 disposed above the third silicon oxynitride
layer 532, and a second silicon nitride layer 536 disgposed above

the fourth silicon oxynitride layer 534.

In one example, third silicon oxynitride layer 532 has a
thickness between about 200 and about 1200 angstroms and a
refractive index between about 1.3 and about 1.8, fourth silicon
oxynitride layer 534 has a thickness between about 200 and about
1200 angstroms and a refractive index between about 1.3 and
about 1.9, and second silicon nitride layer 536 hag a thickness
between about 200 and about 1200 angstroms and a refractive

index between about 1.6 and about 2.2.

In one example, third silicon oxynitride layer 532 has a
thickness of about 700 angstromg and a refractive index of about
1.5, fourth silicon oxynitride layer 534 has a thicknesg of
about 750 angstroms and a refractive index cof about 1.7, and
second silicon nitride layer 536 has a thickness of about 700
angstroms and a refractive index of about 1.8. In one example,
the third silicon oxynitride layer 532 and the fourth gilicon
oxynitride layer 534 are formed ccnsecutively during one growth

rumn.

In another example, third silicon oxynitride layer 532 has

a thickness of about 800 angstrome and a refractive index of
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about 1.5, fourth silicon oxynitride layer 534 has a thickness
of about 400 angstroms and a refractive index of about 1.7, and
gsecond silicon nitride layer 536 has a thickness of about 20C
angstroms and a refractive index of about 2.1. In one example,
the third silicon oxynitride layer 532 and the fourth silicon.
oxynitride layer 534 are formed consecutively during one growth

ur.

FIG. 6 illustrates a cross-sectional diagram of a
microbolometer bridge 600 with a multilayered dielectric in

accordance with another embodiment of the present disclosure.

Microbolometer bridge 600 includes a bottom multilayered
dielectric 610, a detector layer 620 disgsposed above the bottom
multilayered dielectric 610, and a top dielectric 63C disposed
above the detector layer 620. Table 2 below shows thickness
ranges and refractive indices of the variocus layers of

microbolometer bridge 600 according to one example.

TABLE 2
Layer | Thickness (A} |Refractive Index
Top Dielectric 800-1800 1.6-2.2
(SiplNa)
Detectgr Laygr 300-800 1.5
{Vanadium Oxide)}
Bottom Dielectric
(274 S10,N,) 200-2000 1.3-1.9
(1% Si0,Ny) 200-1500 1.3-1.8

In one example, bottom multilayered dielectric 610 includes
a first silicon oxynitride layer 612 and a seccond silicon
oxynitride layer 614 digposed above the first silicon oxynitride
layer 612. The first and gecond silicon oxynitride layersg 612,

614 have different refractive indices in one example.
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In one example, first silicon oxynitride layer 612 has a
thickness between about 200 and about 1500 angstroms and a
refractive index between about 1.3 and about 1.8, and second
silicon oxynitride layer 614 has a thickness between about 200
and about 2000 angstroms and a refractive index between about

1.3 and about 1.9.

In one example, first silicon oxynitride layer 612 has a
thickness of about 750 angstroms and a refractive index of about
1.5, and second silicon oxynitride layer 614 has a thickness of
about 1500 angstroms and a refractive index of about 1.7. As an
example, the first silicon oxynitride layer 612 and the second
silicon oxynitride layer 614 are formed consecutively during one

growth run.

In one example, the detector layer 620 may be comprised of
a temperature sensitive resistive material. For example, the
detector layer 620 may be comprised of vanadium oxide and have a
thickness between akout 300 and about 800 angstroms. As a
specific example, the detector layer 620 may be comprised of

vanadium oxide and have a thickness of about 600 angstroms.

In one example, top dielectric 630 is comprised of gilicon
nitride and disposed above the detector layer 620. In one
example, top dielectric 63C is comprisged of sgilicon nitride and
has a thickness between about 800 and about 180C angstroms and a
refractive index between about 1.6 and about 2.2. In one
example, top dielectric 630 i1s comprised of silicon nitride and
has a thickness of about 1200 angstroms and a refractive index

of about 2.1.

The above degcribed gilicon nitride layers and silicon
oxynitride layers may be deposited by plasma enhanced chemical
vapor deposition (PECVD) using silane (8iH,), nitrogen (N2),

ammonia (NH;), and/or nitrous oxide (N,0) precursor gases, in one
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example, but other deposition methods and precursor gases may be

applicable.

In one example, siliccn oxynitride layers having a
refractive index of about 1.5 may be formed by PECVD at a
pressure cf about 3.0 torr, a power of about 53 watts, and with

about 100 scem of SiH; and about 2800 gccom of N.O.

In another example, silicon oxynitride layers having a
refractive index of about 1.7 may be formed by PECVD at a
pressure of about 4.0 torr, a power of about 260 watts, and with
about 126 gccem of SiE,, about 850 scem of N., and about 100 scom

In yet another example, silicon nitride layers having a
compressive stress and a refractive index bf about 2.1 may be
formed by PECVD at a pressure of about 4.4 torr, a power of
about 330 watts, and with about 190 scem of SiH,, about 30 sccm

of NH;, and about 2000 sccm of N,.

Referring now to FIG. 7, a block diagram ig shown
illustrating a system 700 (e.g., an infrared camera) for
capturing images and processing in accordance with one or more
embodiments. System 700 comprises, in one implementation, a
processing component 710, a memory component 720, an image
capture component 730, a control component 740, and/or a display
component 750. System 700 may further include a sensing

component 760.

System 700 may represent for example an infrared imaging
device to capture and process images, such asgs video images of a
scene 770. The system 700 may represent any type of infrared
camera adapted to detect infrared radiation and provide
repregentative data and information (e.g., infrared image data
of a scene) or may represent mcre generally any type of electro-

optical sensor system. In one example, system 700 may represent

- 13 -
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an infrared camera, a dual band imager such as a night vision
imager that operates to gsenge reflected visible and/or SWIR
light for high resolution images and LWIR radiation for thermal
imaging, or an imager for sensing both short wave and long wave
radiation simultaneously for providing independent image
information. System 700 may comprise a portable device and may
be incorporated, e.g., into a vehicle (e.g., an automobile or
other type of land-based vehicle, an aircraft, a marine craft,
or a spacecraft) or a non-mobile installation requiring infrared

images to be stored and/or displayed and may comprise a

distributed networked system.

In various embodiments, procegsing component 710 may
comprise any type of a processor or a logic device (e.g., a
programmable logic device (PLD) configured to perform processing
functions) . Processing component 710 may be adapted to
interface and communicate with componentg 720, 730, 740, and 750
to perform methed and processing steps and/or operations, as
described herein, iﬁcluding conventicnal system processing

functions as would be understood by one skilled in the art.

Memory component 720 compriseg, in one embodiment, one or

more memory devices adapted to store data and information,

including for example infrared data and information. Memory
device 720 may comprise one or more various types of memory
devices including volatile and non-volatile memory devices,
and/or a machine-readable medium capable of storing data in a
machine-readable format. Processing component 710 may be
adapted to execute software stored in memory component 720 gso as
to perform method and process steps and/cr cperaticns described

herein.

Image capture component 730 compriges, in one embodiment,
any type of image senscor, such as for example ocne or more

infrared sensors (e.g., any type of multi-pixel infrared

- 14 -
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detector, such as the microbolometer detectors and focal plane
arrays asg described herein) for capturing infrared image data
{e.g., still image data and/or video data) representative of an
image, such as scene 770. In one implementation, the infrared
sensors of image capture component 730 provide for representing
(e.g., converting) the captured image data as digital data
(e.g., via an analog-to-digital converter included as part of
the infrared sensor or separate from the infrared sensor as part
of system 700). In one aspect, the infrared image data (e.g.,
infrared video data) may comprise non-uniform data (e.g., real
image data) of an image, such as scene 770. Processing
component 710 may be adaptea to process the infrared image data
(e.g., to provide processed image data), store the infrared
image data in memory component 720, and/or retrieve stored
infrared image data from memory component 720. For example,
processing component 710 may be adapted tc process infrared
image data stored in memory component 720 to provide processed
image data and information (e.g., captured and/or processed

infrared image data).

Control component 740 comprises, in one embodiment, a user
input and/or interface device. TFor example, the user input
and/or interface device may represent a rotatable knob (e.qg.,
potentiometer), push buttoﬂs, glide bar, keyboard, etc., that is
adapted to generate a user input control signal. Processing
component 710 may ke adapted to sense control input gignals from
a user via control component 740 and respond to any sensed
control input signals received therefrom. Processing component
710 may be adapted to interpret such a contrcl input signal as a
parameter value, as generally understood by one gkilled in the

art.

In one embodiment, control component 740 may comprise a
control unit {e.g., a wired or wireless handheld contrel unit)

having push buttons adapted tc interface with a user and receive

- 15 -
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uger input control values. In one implementation, the push
buttons of the control unit may be used to control various
functions of the system 700, such as autofocus, menu enable and
selection, field of view, brightness, contrast, noise filtering,
high pass filtering, low pass filtering, and/or various other

features as understood by one skilled in the art.

Display component 750 comprises, in one embodiment, an
image display device {(e.g., a liguid crystal display {(LCD) or
varicus other types of generally known video displays or
moniteors) . Processing component 710 may be adapted to display
image data and information on the display component 750.
Processing component 710 may be adapted to retrieve image data
and information from memory component 720 and display any
retrieved image data and information on display component 75C.
Display component 750 may comprise display electronics, which
may be utilized by processing compenent 710 to display image
data and information (e.g., infrared images). Display component
750 may be adapted to receive image data and information
directly from image capture component 730 via the processing
component 710, or the image data and information may be
transferred from memory component 720 via processing component

710.

Senging component 760 comprises, in one embodiment, one or
more sensors of various types, depending on the application or
implementation requirements, as would be understocd by one
gkilled in the art. The gensors of optional sensing component
760 provide data and/or information to at least processing
component 710. In one aspect, processing component 710 may be
adapted to communicate with sensing component 760 (e.g., by
receiving sensor information from sensing compcnent 760} and
with image capture component 730 {(e.g., by receiving data and

information from image capture component 730 and providing
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and/or receiving command, contrel, and/cor cother information to

and/or from one or more other components of system 700).

In various implementations, sensing component 760 may
provide information regarding environmental conditions, such as
outside temperature, lighting conditions {e.g., day, night,
dusk, and/or dawn), humidity level, specific weather conditions
(e.g., sun, rain, and/or snow), distance (e.g., laser
rangefinder), and/or whether a tunnel or other type of enclosure
has been entered or exited. Sensing compecnent 760 may represent
conventional sensors as generally known by one skilled in the
art for monitoring various conditions (e.g., environmental
conditions} that may have an effect (e.g., on the image

appearance) on the data provided by image capture component 730.

In some implementaticns, optionzl sensing component 760
(e.g., one or more of sensors) may comprise devices that relay
information to processing component 710 via wired and/or
wireless communication. For example, opticnal sensing component
760 may be adapted to receive information from a satellite,
through a local broadcast (e.g., radio frequency (RF))}
transmission, through a mobile or cellular network and/or
through information beacons in an infrastructure (e.g., a
transportation or highway information beacon infrastructure), or

various other wired and/or wireless technigues.

In various embodiments, compenents of system 700 may be
combined and/or implemented or not, as desired or depending on
the application or requirements, with system 700 representing
various functional blocks of a related system. In one example,
processing component 710 may be combined with memory component
720, image capture component 730, display component 750, and/or
optional sensing component 760. In another example, processing
component 710 may be combined with image capture component 730

with only certain functions of procegsing component 710

- 17 -
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performed by circuitry (e.g., a processor, a microprocessor, a
logic device, a microcontroller, etc.) within image capture
compenent 730. Furthermore, various components of gystem 700
may be remote from each other (e.g., image capture component 730
may comprise a remote sensor with processing compeonent 710, etc.
representing a computer that may or may not be in communication

with image capture component 730).

Referring now to FIG. 8, a flowchart shows a method 806C of
fabricating a microbolometer in accordance with embodiments of
the present disclosure. Method 800 includes forming a bottom
multilayered dielectric including forming a first silicon
oxynitride layer having a first refractive index, as shown at
block 802, and forming a second silicon oxynitride layer above
the firet silicon oxynitride layer, as shown at block 804, the
second silicon oxynitride layer having a second refractive index
different from the first refractive index. Method 800 further
includes forming a detector layer above the sgecond silicon
oxynitride layer, as shown at block 806, and forming a top

dielectric above the detector layer, as shown at block 808.

It is noted that additional processes may be provided
before, during, and after the method 800 of FIG. 8, and that

some other processes may only be briefly described herein.

In accordance with an embodiment, forming the first silicecn
oxynitride layer and forming the second sgilicon oxynitride layezxr

includes forming the layers consecutively during one growth run.

In accordance with an embodiment, forming the bottom
multilayered dielectric includes forming a first silicon nitride
layer and then forming the first silicon oxynitride layer above
the first silicon nitride layer, and forming the top dielectric
includes forming a top multilayered dielectric including:

forming a third silicon oxynitride layer above the detector
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layer, forming a fourth silicon oxynitride layer above the third
gilicon oxynitride laver, and forming a gecond silicon nitride

layer above the fourth silicon oxynitride layver.

In accordance with an embodiment, forming the top
dielectric includes forming a silicen nitride layer above the

detector layer.

In accordance with an embodiment, the method may further
comprise electrically coupling the micrcbolometer to a readout
circuit (ROIC) wvia contact legs, coupling a processor to the
ROIC for processing image information output from the ROIC,
and/or coupling a display to the processor for displaying the

processed image information.

In view of the present disclosure, it will be appreciated
that apparatus, systems, and methods as set forth herein
advantageously may provide microbolcmeter detectors with
increased sensitivity and/or a wider spectral response range.

In one example, the use of multilayered silicon oxynitride films
advantageocusly extends the spectral absorption and spectral
regpense of a microbolometer detector. In cne example,
absorbing dielectric layers of the microbolometer detector may
absorb IR in the range cf about 7 microng to about 14 microns,
with a shift of an absorption peak to about 7 microns from about

2.5 microns.

Referring now te FIG. 9, an absorption graph of different
dielectric lavers A-E is shown in accordance with an embodiment
of the present disclosure. Dielectric layer A wag a standard
8iN layer having a thickness of about 5kA. Dielectric layer B
wasg a compressively strained SiN layer having a thickness of
about 5kA. Dielectric layer C was a SiONx layer having a
refractive index of about 1.5 (and a higher oxygen content than

dielectric layer D) and a thickness of about 5kA. Dielectric
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layer D was a SiONx layer having a refractive index of about 1.7
(and a lower oxygen content than dielectric layers C and E)} and
a thickness of abeocut 5kA. Dielectric layer E was a SiONx
multilayer having a thickness of about 7.5kA and a higher total
oxygen content than dielectric layers C and D. In other words,
the oxygen content increased progressing from dielectric layer D
{lowest) to dielectric layer C to dielectric layer E (highest).
Dielectric layers A-E were formed by techniques and methods as
described above. For example, layers with gradual variation
form oxygen-rich to pure silicon nitride were created by

adjusting the ratio of the reactive gasges.

As is shown in FIG. 9, SiONx layers with increased oxygen
content (layer D -»> layer C -»> layer E) and decreased refractive
index showed an increase in absorption band and maximums of
optical absorption shifted toward shorter wavelengths.
Conversely, maximums of optical absorption shifted toward longer
wavelengths with decreasing oxygen content and increasing

refractive index of the dielectric laver.

It is understocd that this disclosure provides many
different embodiments, or examples, for implementing different
features of the invention. Specific examples of components and
arrangements are described herein te simplify the present
disgclosure. These are, of course, merely examples and are not
intended to be limiting. Moreover, the formation of a first
feature over or on a second feature in the description herein
may include embodiments in which the first and second features
are formed in direct contact, and may alsoc include embodiments
in which additicnal features may be formed interposing the first
and second features, such that the first and second features may
not be in direct contact. Various features may be arbitrarily
drawn in different scales for the sake of gimplicity and

clarity.
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Embodiments described above illustrate but dc not limit the
disclosure. It shculd also be understood that numerous
mcdifications and variations are possible in accordance with the
principles of the present disclosure. Accordingly, the scope of

the disclosure is defined only by the following claims.
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CLAIMS

What is claimed as new and desired to be protected is:

1. A microkolometer, comprising:

a bottom multilayered dielectric, including a first
gsilicon oxynitride layer and a second sgilicon oxynitride
layer disposed above the firgt eilicon oxynitride laver,
the first and second silicon oxynitride layers having
different refractive indices;

a detector layer disposed above the bottom
multilayered dielectric, the detector layer comprised of a
temperature sensitive resistive material; and

a top dielectric disposed above the detector layer.

2. The microbolometer of claim 1, wherein the bottom
multilayered dielectric includes a first silicon nitride layer

disposed below the first silicon oxynitride layer.

3. The micrcbolometer of claim 2, wherein the first
silicon oxynitride layer and the second silicon oxynitride layer

are formed consecutively during one growth run.

4, The microbolometer of claim 2,

wherein the first silicon nitride layer hasg a
thickness between about 200 and about 2000 angstroms and a
refractive index between about 1.6 and about 2.2,

wherein the first silicon oxynitride layer has a
thickness between about 200 and about 2000 angstroms and a
refractive index bketween about 1.3 and about 1.9, and

wherein the seccond gilicon oxynitride layer has a
thickness between about 200 and about 2000 angstroms and a

refractive index between about 1.3 and abkout 1.8.
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5. The microbolometer of claim 2, wherein the detector
layer is comprised of vanadium oxide and has a thickness between

about 300 and about 800 angstrome.

6. The microbolometer of claim 2, wherein the top
dielectric is a top multilayered dielectric including:
a third silicon oxynitride layer disposed above the
detector layer;
a fourth silicon oxynitride layer disposged above the
third silicon oxynitride layer; and
a second silicon nitride layer disposed above the

fourth silicon oxynitride layer.

7. The microbolometer of claim 6, wherein the third
silicon oxynitride layer and the fourth gilicon oxynitride layer

are formed consecutively during one growth run.

8. The micrcboclometer of claim 6,

wherein the third silicon oxynitride layer has a
thickness between about 200 and about 1200 angstroms and a
refractive index between about 1.3 and about 1.8,

wherein the fourth silicon oxynitride layer has a
thickness between about 200 and about 1200 angstromg and a
refractive index between about 1.3 and about 1.9, and

wherein the second silicon nitride layer has a
thickness between about 200 and about 1200 angstroms and a

refractive index between about 1.6 and about 2.2.

9, The microbolometer of c¢laim 1, wherein the first
silicon oxynitride layer and the second silicon oxynitride layer

are formed consecutively during one growth run.

10. The microboclometer of claim 1, wherein the detector

layer is comprised of wvanadium oxide and hag a thickness between

-~ D23 -
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about 300 and about 800 angstromg.

11.

The microbolometer of claim 1,

wherein the first silicon oxynitride layer has a

thicknegs between about 200 and about 1500 angstroms and a

refractive index between about 1.2 and about 1.8, and

wherein the second silicon oxynitride layer has a

thickness between about 200 and about 200C angstroms and a

refractive index between akout 1.3 and about 1.9.

1z,

The microbolometer of claim 11, wherein the top

dielectric includes a silicon nitride layer disposed above the

detector layer, the silicon nitride layer having a thickness

between about 800 and about 180C¢ angstroms and a refractive

index between about 1.6 and about 2.2,

13.

A focal plane array, comprising:
a readout circuit (ROIC); and

a plurality of micrcobolometers electrically coupled to

the ROIC, each microbolometer including:

14.

a bottem multilayered dielectric, including a
first silicon oxynitride layer and a second silicon
oxynitride layer disposged above the first silicon
ocxynitride layer, ﬁhe first and second silicon
oxynitride layers having different refractive indices;

a detector layer disposed above the bottom
multilayered dielectric, the detector layer comprised
of a temperature gensitive resistive material; and

a top dielectric disposed above the detector

layer.

The focal plane array of claim 13, wherein each

micrcbolometer is electrically coupled to the ROIC via contact

- 24 -
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legs disposed between adjacent microbolometers.

15. The focal plane array of claim 14, wherein at least
one of the contact legs is a shared contact leg dispoged between

adjacent microbolometers.

16. The focal plane array of claim 13, further comprising
a procesgor coupled to the ROIC for processing image information
output from the ROIC, and a display coupled to the processor for

displaying the processed image information.

17. The fcocal plane array of claim 13,
wherein the bottom multilayered dielectric includes a
first silicon nitride layer disposed below the first
silicon oxynitride layer; and
wherein the top dielectric is a top multilayered
dielectric including:
a third silicon oxynitride layer disposed above
the detector laver,
a fourth silicon oxynitride layver disposed above
the third silicon oxynitride laver, and
a sgecond silicon nitride layer disposed above the

fourth silicon oxynitride laver.

18. The focal plane array of claim 13, wherein the top
dielectric layer includes a gilicon nitride layer disposed above

the detector layer.
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19. A method of fabricating a micrcbclometer, the method
comprising:
forming a bottom multilayered dielectric including:
forming a first gilicon oxynitride layer having a
firet refractive index, and
forming a second gilicon oxynitride layer above
the first silicon oxynitride layer, the second silicon
oxynitride layer having a second refractive index
different from the first refractive index;
forming a detector layer above the second silicon
oxynitride layer, the detector layer comprised of a
temperature sensitive resistive material; and

forming a top dielectric above the detector layer.

20, The method of ¢laim 19, wherein forming the first
gilicon oxynitride layer and forming the second silicon
oxynitride layer includes forming the layers consecutively

during one growth run.

21. The method c¢f c¢laim 19,
wherein forming the bottom multilayered dielectric
includes forming a first silicon nitride layer and then
forming the first silicon oxynitride layer above the first
gilicon nitride layer; and
wherein forming the top dielectric includes forming a
top multilayered dielectric including:
forming a third silicon oxynitride layer above
the detector laver,
forming a fourth silicon oxynitride layer above
the third silicon oxynitride layer, and
forming a second silicon nitride layer above the

fourth silicon oxynitride layer.

22. The method of claim 19, wherein forming the top

- 265 -
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dielectric includes forming a silicon nitride layer above the

detector laver.

23. The method of claim 19, further comprising
5 electrically coupling the microbolometer to a readout circuit

(RCIC) via contact legs.

24. The method of claim 23, further compriging:
coupling a processor to the ROIC for processing image
10 information output from the ROIC; and
coupling a display to the processor for displaying the

processed image information.
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