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MICROBOLOMETER INFRARED 
DETECTOR ELEMENTS AND METHODS 

FOR FORMING SAME 

FIELD OF THE INVENTION 

[0001] This invention relates in general to infrared detec 
tors and more particularly to microbolometer infrared detec 
tor elements and methods for forming the same. 

BACKGROUND OF THE INVENTION 

[0002] Infrared (IR) detectors are often utilized to detect 
?res, overheating machinery, planes, vehicles, people, and 
any other objects that emit thermal radiation. Infrared detec 
tors are unaffected by ambient light conditions or particulate 
matter in the air such as smoke or fog. Thus, infrared detectors 
have potential use in night vision and When poor vision con 
ditions exist, such as When normal vision is obscured by 
smoke or fog. IR detectors are also used in non-imaging 
applications such as radiometers, gas detectors, and other IR 
sensors. 

[0003] Infrared detectors generally operate by detecting the 
differences in thermal radiance of various objects in a scene. 
That difference is converted into an electrical signal Which is 
then processed. Microbolometers are infrared radiation 
detector elements that are fabricated on a substrate material 
using traditional integrated circuit fabrication techniques. 
Microbolometer detector arrays consist of thin, loW thermal 
mass, thermally isolated, temperature-dependent resistive 
membrane structures. They are suspended over silicon read 
out integrated circuit (ROIC) Wafers by long thermal isolation 
legs in a resonant absorbing quarter-Wave cavity design. 
[0004] Conventional infrared detector arrays and imagers 
operating at ambient temperature include microbolometer 
arrays made of thin ?lms of hydrogenated amorphous silicon 
(a-SizH) or amorphous vandium oxide (V Ox). Other materi 
als used for microbolometer arrays include ?lms of various 
metal (e.g., titanium) and high temperature superconductors. 
For an array based on amorphous silicon, the detector pixel 
membrane is generally comprised of an ultra-thin (~2000 A) 
a-SiN,Ja-Si:H/a-SiN,C structure. The membrane is deposited 
at a loW temperature nominally below 4000 C. using silane 
(SiH4) and ammonia (NH3) precursors for the amorphous 
silicon nitride (a-SiNx) layers, and using silane for the hydro 
genated amorphous silicon (a-SizH) layer. Hydrogen atoms 
from silane (SiH4) molecules are the source of hydrogen 
content in the a-Si:H layer. A thin absorbing metal layer such 
as Titanium (Ti), Titanium-Aluminum alloy (TiAl), 
Nichrome (NiCr), black gold, or other material absorbing in 
the infrared band of interest, (e.g., at Wavelength range of 1 
micron to 14 micron), is inserted in the membrane to enhance 
infrared absorptance. Contact betWeen the a-Si:H detector 
electrodes and the interconnect pads on a complementary 
metal oxide semiconductor (CMOS) signal processor of the 
ROIC is accomplished by thick aluminum tab metal intercon 
nects. 

[0005] After fabrication, microbolometers are generally 
placed in vacuum packages to provide an optimal environ 
ment for the sensing device. Conventional microbolometers 
measure the change in resistance of a detector element after 
the microbolometer is exposed to thermal radiation. Microbo 
lometers have applications in gas detectors, night vision, and 
many other situations. 
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[0006] The primary factors affecting response time and 
sensitivity of microbolometers are thermal mass and thermal 
isolation. Microbolometer response time is the time neces 
sary for a detector element to absorb suf?cient infrared radia 
tion to alter an electrical property, such as resistance, of the 
detector element and to dissipate the heat resulting from the 
absorption of the infrared radiation. Microbolometer sensi 
tivity is determined by the amount of infrared radiation 
required to cause a suf?cient change in an electrical property 
of the microbolometer detector element. Microbolometer 
response time is inversely proportional to both thermal mass 
and thermal isolation. Thus, as thermal mass increases, 
response time becomes sloWer since more infrared energy is 
needed to suf?ciently heat the additional thermal mass in 
order to obtain a measurable change in an electrical property 
of the microbolometer detector element. As thermal isolation 
increases, response time becomes sloWer since a longer 
period of time is necessary to dissipate the heat resulting from 
the absorption of the infrared radiation. Microbolometer 
operating frequency is inversely proportional to response 
time. HoWever, microbolometer sensitivity is proportional to 
thermal isolation. Therefore, if a speci?c application requires 
high sensitivity and does not require high operating fre 
quency, the microbolometer Would have maximum thermal 
isolation and minimal thermal mass. If an application requires 
a higher operating frequency, a faster microbolometer may be 
obtained by reducing the thermal isolation Which Will also 
result in a reduction in sensitivity. 

SUMMARY OF THE INVENTION 

[0007] Disclosed herein are microbolometer infrared 
detector elements and methods for forming the same. The 
disclosed microbolometer infrared detector elements may be 
formed and implemented by varying type/ s of precursors used 
to form amorphous silicon-based microbolometer membrane 
material/s and/or by varying composition of the ?nal amor 
phous silicon-based microbolometer membrane material/ s 
(e.g., by adjusting alloy composition) to vary the material 
properties such as activation energy and carrier mobility. 
Advantageously, by so varying precursor types and/ or mate 
rial properties of the microbolometer membrane material/ s, it 
is possible to control and optimiZe device parameters includ 
ing, but not limited to, resistance, thermal coe?icient of resis 
tance (TCR), electrical noise, and combinations of such 
device parameters. 
[0008] By adjusting precursors and alloy composition of 
the membrane structure, the disclosed microbolometer mate 
rial systems may be implemented to provide microbolometer 
devices having improved stability and performance com 
pared to conventional microbolometer devices by indepen 
dent control of resistance and TCR. In one exemplary 
embodiment, loW doped material may be employed to 
increase TCR Which results in higher microbolometer device 
responsivity. For example, in one exemplary embodiment loW 
doping levels may be selected in order to obtain TCR values 
offrom about 2% per ° C. to about 5% per ° C., and resitivity 
values of from about 1 ohm-centimeter to about 10,000 ohm 
centimeters, although greater and lesser doping levels are also 
possible. LoW doped material results in high resistance Which 
is dif?cult to match With the input impedance of ROICs 
operating at ambient temperature. 
[0009] The disclosed microbolometer infrared detector ele 
ments may include membrane structures formed from thin 
?lms of amorphous silicon-based materials that include vary 
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ing amounts of one or more additional and optional materials, 
including hydrogen, ?uorine, germanium, n-type dopants and 
p-type dopants. In this regard, the disclosed microbolometer 
infrared detector elements may include membrane structures 
formed from amorphous silicon-based materials such as ?u 
orinated amorphous silicon-based materials that include at 
least ?uorine and silicon constituents, amorphous silicon ger 
manium-based materials that include at least silicon and ger 
manium constituents, amorphous germanium-based materi 
als that include at least germanium, and/or hydrogenated 
amorphous silicon-based materials that include at least amor 
phous silicon and that have a hydrogen content of greater than 
about 4 atomic percent, or a combination thereof. It Will be 
understood that such amorphous silicon-based materials may 
optionally included additional constituents, for example, 
other elements, p-type or n-type dopants, etc. Advanta 
geously, material properties of microbolometer membrane 
structures may be varied to optimiZe device parameters by 
varying the amount of hydro gen, germanium, ?uorine, n-type 
dopants, p-type dopants, etc. Within a given membrane mate 
rial. 

[0010] Speci?c examples of such amorphous silicon-based 
materials include, but are not limited to, undoped or doped 
(p-type or n-type) hydrogenated amorphous silicon (a-SizH); 
undoped or doped (p-type or n-type) ?uorinated amorphous 
silicon-based materials such as ?uorinated amorphous silicon 
(a-SizF), hydrogenated ?uorinated amorphous silicon (a-Si: 
H: F) and hydrogenated ?uorinated amorphous silicon germa 
nium (a-Sil_xGex:H:F); and undoped or doped (p-type or 
n-type) amorphous silicon germanium-based materials such 
as amorphous silicon germanium (a-SiHGex), hydrogenated 
amorphous silicon germanium (a-Sil_xGex:H), and hydroge 
nated ?uorinated amorphous silicon germanium (a-Si1_xGex: 
HzF), Where “X” is the Ge content relative to silicon content of 
a-SiLXGe,C or an alloy of a-Sil_xGex:H. It is noted that in the 
case Where the value of “X” is equal to Zero, a-SiHCGe,C rep 
resents amorphous silicon (a-Si), and Where “X” is equal to 
one, a-SiMGe,C represents amorphous germanium (a-Ge). 
Further, amorphous silicon germanium-based materials hav 
ing the formula a-Si 1_,€Ge,C (With or Without additional con 
stituents) are represented by the case Where the value of “X” is 
greater than Zero but less than one. 

[0011] In one embodiment, the disclosed microbolometer 
infrared detector elements may be formed using a hydrogen 
dilution process in Which hydrogen (H2) precursor is used to 
dilute other precursor materials, including those described 
elseWhere herein, to form amorphous silicon-based microbo 
lometer membrane structures having improved stability and 
performance characteristics. Although not Wishing to be 
bound by theory, it is believed that this improved stability and 
performance results from the effects that H2 has on reaction 
and/ or reaction kinetics of the amorphous silicon-based mate 
rial formation process. Hydrogen dilution may be employed 
in the formation of thin ?lms of amorphous silicon-based 
materials that include varying amounts of one or more addi 
tional materials, such as ?uorine, germanium, n-type dopants, 
p-type dopants, etc. As an eXample, a microbolometer mem 
brane structure including a-Si:H may be formed by the addi 
tion of hydrogen gas to a chemical vapor deposition (CVD) 
reactor, such as PECVD reactor, to dilute silane gas during 
membrane fabrication. Advantageously, hydrogen dilution of 
silane results in the groWth of hydrogenated amorphous sili 
con (a-SizH) Which eXhibits improved properties such as 
loWer electrical noise, higher temperature coef?cient of resis 
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tance (TCR) and more stable atomic con?guration. In one 
eXemplary embodiment, hydrogenated amorphous silicon 
having a thickness of about 600 Angstrom may be formed in 
a PECVD reactor using a dilution ratio of about 10:1 (i.e., 
about 10 parts hydrogen gas to about one part silane gas) to 
fabricate a microbolometer membrane structure that eXhibits 
a reduction in noise by a factor of greater than about three 
(alternatively by a factor of greater than about four), in com 
parison to a amorphous silicon microbolometer membrane 
structure similarly formed but With no hydrogen dilution. 

[0012] In one eXemplary embodiment, hydrogen dilution 
may be employed to result in an amorphous silicon-based 
material that includes a hydrogen content that is enhanced as 
compared to amorphous silicon-based materials formed from 
SiH4 precursor Without hydrogen dilution. For eXample, 
hydrogen content of an amorphous silicon-based material 
formed With hydrogen dilution may be greater than about 4 
atomic percent (%), alternatively greater than or equal to 
about 5 atomic %, alternatively greater than or equal to about 
9 atomic %, alternatively greater than or equal to about 10 
atomic %, alternatively from about 9 atomic % to about 11 
atomic %. 

[0013] In another embodiment, a source of germanium may 
be added during amorphous silicon-based material ?lm 
groWth to form an amorphous silicon germanium-based alloy. 
EXamples of suitable precursors for this embodiment include, 
but are not limited to, precursors such as silane or silicon 
tetra?uoride (SiF4) for the silicon source, and precursors such 
as germanium tetra?uoride (GeF4) or Germane (GeH4) as the 
Ge source. In this embodiment, the amount of Ge may be 
varied to form a a-SiHGex-based ?lm having an amount of 
Ge, represented by “X”, that may vary from 0 for pure silicon 
to 1 for pure germanium. The amount of Ge may be so varied 
to result in silicon germanium alloy-based ?lms With an 
eXtended range of electrical properties such as resistivity, 
TCR and noise. As previously described, hydrogen may be 
added to dilute the precursor gases (in this case silicon and 
germanium precursor gases). For eXample, hydrogenated sili 
con germanium (a-Si1_xGex:H) may be groWn from hydrogen, 
silane and germane precursors. In another eXample, hydroge 
nated and ?uorinated amorphous silicon germanium ?lms 
(a-Si1_xGex:H:F) may be groWn by also adding a source of 
?uorine (e.g., BF3 dopant and/or ?uorine-based precursor 
such as SiF4 and or GeF4) to the hydrogen, silicon and ger 
manium precursor gases. 

[0014] In another embodiment, a p-type dopant may be 
added during the groWth of amorphous silicon-based material 
?lm to introduce boron ina groWing amorphous silicon-based 
?lm of a microbolometer membrane structure. EXamples of 
suitable p-type dopants include, but are not limited to, alumi 
num, gallium, indium and boron, e.g., from boron sources 
such as boron tri?uoride (B133), diborane (B2H6), Trimethyl 
Boron (B(CH3)3 (TMB), Boron Trichloride (BCl3), etc. In 
one eXemplary embodiment, BF3 may be utiliZed as a source 
of both boron p-type dopant and ?uorine atoms for forming a 
?uorinated amorphous silicon-based material. Advanta 
geously ?uorine atoms promote stable atomic con?guration 
of the amorphous silicon ?lm by preferentially etching and 
removing Weakly bonded silicon atoms. During ?lm groWth, 
some of the ?uorine atoms are incorporated in the ?lm and the 
resulting doped ?lm is also ?uorinated. 
[0015] In yet another embodiment, a n-type dopant may be 
added during amorphous silicon-based material ?lm groWth 
to dope a ?lm With n-type dopant. EXamples of suitable 
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n-type dopants include, but are not limited to, sources of 
phosphorous such as phosphine (PH3) that may be added 
during ?lm growth. For example, silicon germanium ?lms 
may be doped With n-type dopant by adding such a n-type 
dopant during groWth of the ?lm. 
[0016] As previously described, a ?uorinated amorphous 
silicon-based material may be formed by adding at least one 
?uorine source may during the groWth of amorphous silicon 
based material ?lm to introduce ?uorine in a groWing amor 
phous silicon-based ?lm of a microbolometer membrane 
structure. Examples of suitable precursors for this embodi 
ment include, but are not limited to, precursors such silicon 
tetra?uoride (SiF4), germanium tetra?uoride (GeF4) and 
boron tri?uoride (B133). 
[0017] In another embodiment, amorphous silicon-based 
material ?lms may be groWn near the amorphous-crystalline 
phase transition to result in a stable amorphous atomic struc 
ture, e.g., an amorphous silicon-based material structure that 
contains an amount of microcrystallites that is less than or 
equal to about 10% by volume of the amorphous silicon 
based material (as determined by Raman spectroscopy) and 
that are from about 1 nanometers to about 10 nanometers in 

siZe (as determined by x-ray diffraction). HoWever, it Will be 
understood that amorphous silicon-based material ?lms may 
contain an amount of microcrystallites greater than about 
10% by volume of the amorphous silicon-based material, 
and/or that have a siZe of less than about 1 nanometer or 

greater than about 10 nanometers. 

[0018] Examples of amorphous silicon-based materials 
disclosed herein include, but are not limited to, undoped or 
doped (p-type or n-type) hydrogenated amorphous silicon 
(a-Si:H), ?uorinated amorphous silicon (a-Si:F), hydroge 
nated ?uorinated amorphous silicon (a-Si:H:F), amorphous 
silicon germanium (a-Sil_xGex), hydrogenated amorphous 
silicon germanium (a-Sil_xGex:H), and hydrogenated ?uori 
nated amorphous silicon germanium (a-Sil_xGex:H:F). 
Amorphous silicon-based material ?lms may be groWn in one 
exemplary embodiment by chemical vapor deposition 
(CVD), such as plasma enhanced chemical vapor deposition 
(PECVD), using silane and optionally one or more other 
precursors. For example, silane, hydrogen and germanium 
tetra?uoride (GeF4) precursors may be used to form an a-Si 1_ 
xGex:H alloy With speci?c composition “x” by adjusting the 
ratio of H2, SiH4 and GeF4 ?oW rates. In such a case, groWth 
parameters such as temperature, groWth rate and addition of 
H2 may be selected so that a silicon germanium alloy structure 
is amorphous, but near the amorphous-to-crystalline phase 
transition. In other embodiments, amorphous silicon-based 
materials may be formed by any other technique that is suit 
able for forming the same such as sputtering, molecular beam 
epitaxy, etc. For example, amorphous silicon germanium 
(a-Si1_xGex) may be formed by sputtering of silicon and ger 
manium or by molecular beam epitaxy using silicon and 
germanium. 
[0019] In addition to PECVD, any other method/ s for groW 
ing ?lms of amorphous silicon-based materials may be 
employed, for example, to groW and form a-Silicon Nitride/ 
a-Silicon-based material/a-Silicon Nitride microbolometer 
pixel membranes or any other con?guration of microbolom 
eter pixel membrane that includes amorphous silicon-based 
material. Examples of such alternative groWth techniques 
include, but are not limited to, Hot Wire Chemical Vapor 
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Deposition (HWCVD), Electron Cyclotron Resonance 
Chemical Vapor Deposition (ECR-CVD), and MicroWave 
CVD. 
[0020] Using the methods and materials disclosed herein, a 
microbolometer infrared detector element pixel may be pro 
vided that in one embodiment includes a suspended mem 
brane of amorphous silicon-based material that is disposed 
betWeen tWo layers of amorphous-silicon nitride that support 
and adjust the overall stress of the membrane, although any 
other suitable microbolometer membrane con?guration may 
be employed. As disclosed herein, such microbolometer 
infrared detector elements may be provided in one embodi 
ment in the form of microbolometer bridge structures that 
may be used to form large arrays. Further, the microbolom 
eter pixel optical design of a microbolometer infrared detec 
tor element pixel may be of any suitable con?guration, for 
example, a refractive resonant cavity or a diffractive resonant 

cavity (DRC). 
[0021] In one respect, disclosed herein is an infrared detec 
tor element including: a substrate; and an infrared detector 
membrane disposed in spaced relationship above the sub 
strate. The infrared detector membrane may include an amor 
phous silicon-based material, the amorphous silicon-based 
material including at least one of a ?uorinated amorphous 
silicon-based material, an amorphous silicon germanium 
based material, an amorphous germanium-based material, a 
hydrogenated amorphous silicon-based material having a 
hydrogen content of greater than about 4 atomic percent, or a 
combination thereof. 
[0022] In another respect, disclosed herein is a focal plane 
array assembly, including: a substrate; and a plurality of infra 
red detector elements, each of the plurality of infrared detec 
tor elements including an infrared detector membrane dis 
posed in spaced relationship above the substrate, and read out 
integrated circuitry (ROIC) electrically coupled to the infra 
red detector membrane. The infrared detector membrane of 
each of the plurality of infrared detector elements may 
include an amorphous silicon-based material, the amorphous 
silicon-based material including at least one of a ?uorinated 
amorphous silicon-based material, an amorphous silicon ger 
manium-based material, an amorphous germanium-based 
material, a hydrogenated amorphous silicon-based material 
having a hydrogen content of greater than about 4 atomic 
percent, or a combination thereof. 

[0023] In another respect, disclosed herein is a method for 
making an infrared detector element, the method including: 
providing a substrate; and forming an infrared detector mem 
brane in spaced relationship above a surface of the substrate. 
The infrared detector membrane may include an amorphous 
silicon-based material, the amorphous silicon-based material 
including at least one of a ?uorinated amorphous silicon 
based material, an amorphous silicon germanium-based 
material, an amorphous germanium-based material, a hydro 
genated amorphous silicon-based material having a hydrogen 
content of greater than about 4 atomic percent, or a combina 
tion thereof. 

[0024] In another respect, disclosed herein is a method of 
making a focal plane array assembly, the method including: 
providing a substrate; and forming a plurality of infrared 
detector elements, each of the plurality of infrared detector 
elements including an infrared detector membrane disposed 
in spaced relationship above the substrate, and read out inte 
grated circuitry (ROIC) electrically coupled to the infrared 
detector membrane. The infrared detector membrane may 
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include an amorphous silicon-based material, the amorphous 
silicon-based material including at least one of a ?uorinated 
amorphous silicon-based material, an amorphous silicon ger 
manium-based material, an amorphous germanium-based 
material, a hydrogenated amorphous silicon-based material 
having a hydrogen content of greater than about 4 atomic 
percent, or a combination thereof. 

[0025] In another respect, disclosed herein is a method for 
making an infrared detector element, the method including: 
providing a substrate; forming an infrared detector membrane 
in spaced relationship above a surface of the substrate, the 
infrared detector membrane including amorphous silicon 
based material; and forming the amorphous silicon-based 
material from precursors including at least one source of 
silicon and boron tri?uoride (B133). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1A is a perspective vieW of an infrared detector 
according to one embodiment disclosed herein. 

[0027] FIG. 1B is a perspective of a microbolometer infra 
red detector element formed on a substrate in accordance With 
one embodiment disclosed herein. 

[0028] FIG. 2 is a cross-section illustration of a partially 
formed microbolometer of one embodiment disclosed herein. 

[0029] FIG. 3 is a diagram illustrating the partially fabri 
cated microbolometer after completing the steps illustrated in 
FIG. 2. 

[0030] FIG. 4 is a cross-section illustration of a method of 
forming the microbolometer of one embodiment disclosed 
herein. 

[0031] FIG. 5 is a diagram illustrating a partially fabricated 
microbolometer after completion of the steps illustrated in 
FIG. 4. 

[0032] FIG. 6 is a cross-section illustration of a method of 
forming the microbolometer of one embodiment disclosed 
herein. 

[0033] FIG. 7 is a diagram illustrating the microbolometer 
of one embodiment disclosed herein after etching to de?ne a 
?nal form of the microbolometer. 

[0034] FIG. 8 is a cross-section diagram illustrating depo 
sition of a post and thermal shunting device. 
[0035] FIG. 9 is a cross-section schematic illustration of the 
microbolometer of one embodiment disclosed herein prior to 
removal of a polyimide layer. 
[0036] FIG. 10 is a cross-section illustration of the com 
pleted microbolometer of one embodiment disclosed herein. 

[0037] FIG. 11 is an illustration of a microbolometer With 
spiral legs. 
[0038] FIG. 12 is a How diagram illustrating the formation 
of the microbolometer of one embodiment disclosed herein. 

[0039] FIG. 13A is an illustration of a con?guration of 
microbolometers in accordance With one embodiment dis 
closed herein Wherein non-imaging pixels are connected 
electrically in parallel. 
[0040] FIG. 13B illustrates an array of microbolometers in 
accordance With one embodiment disclosed herein Wherein 
non-imaging pixels are connected in an electrically series 
parallel circuit. 
[0041] FIG. 13C schematically illustrates an electrical 
series-parallel con?guration of non-imaging pixels for a large 
array. 
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[0042] FIG. 14A is a schematic illustration of a linear non 
imaging pixel array With shared thermal isolation legs for 
adjacent microbolometers of one embodiment disclosed 
herein. 
[0043] FIG. 14B is a schematic illustration of an array of 
spiral leg pixels connected electrically in parallel for large 
non-imaging arrays for maximiZed ?ll factor; and 
[0044] FIG. 15 illustrates another embodiment of a 
microbolometer formed in accordance With one embodiment 
disclosed herein for maximiZing the ?ll factor and minimiZ 
ing space betWeen adjacent microbolometers. 
[0045] FIG. 16 is a perspective of a microbolometer infra 
red detector element formed on a substrate in accordance With 
one embodiment disclosed herein. 
[0046] FIG. 17 is a perspective of a microbolometer infra 
red detector element formed on a substrate in accordance With 
one embodiment disclosed herein. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0047] FIG. 1A is a diagrammatic perspective vieW of one 
embodiment of an infrared detector 1 Which is capable of 
sensing thermal energy and of outputting electrical signals 
representative of a tWo-dimensional image of that sensed 
thermal energy. The infrared detector 1 includes a focal plane 
array 2 disposed on a substrate 11. The substrate 11 may 
include an integrated circuit of a type Which is commonly 
knoWn as a read out integrated circuit (ROIC). The ROIC 
reads out the thermal information gathered by the focal plane 
array 12. 
[0048] A thermal element 17 may be optionally provided 
on the side of the substrate 16 opposite from the focal plane 
array 2, in order to serve as a form of controlled heat sink 
Which maintains the integrated circuit substrate 11 at a sub 
stantially constant temperature Which is prede?ned. The con 
stant temperature prevents ambient or internally generated 
temperature gradients from affecting operation of the focal 
plane 2, and thus provides a baseline With Which the thermal 
energy impinging on the focal plane array 2 may be accu 
rately measured. 
[0049] The focal plane 2 includes a plurality of thermal 
sensors or detector elements, one of Which is designated by 
reference numeral 10. The detector elements are arranged in 
a tWo-dimensional array, and each detector element 10 cor 
responds to a respective pixel in each image detected by the 
infrared detector 1. The focal plane array 2 of the disclosed 
embodiment includes 76,800 detector elements 10, Which are 
arranged in a 320 by 240 array. For clarity, hoWever, FIG. 1A 
diagrammatically depicts only about 140 detector elements. 
It Will be recogniZed that the total number of detector ele 
ments 10 in the focal plane array 2 could be larger or smaller. 
Further, even though FIG. 1A shoWs the detector elements 10 
arranged in a tWo-dimensional array, they could alternatively 
be arranged in a one-dimensional array, or could be provided 
at arbitrary locations that do not conform to a speci?c pattern. 
With reference to FIG. 1B, one of the detector elements 10 of 
FIG. 1A Will be described in more detail. 
[0050] More speci?cally, FIG. 1B is a diagrammatic frag 
mentary perspective vieW of a portion of the integrated circuit 
substrate 11, Which has one of the detector elements 10 on it 
that is formed in the con?guration of a microbolometer infra 
red detector element in accordance With one exemplary 
embodiment disclosed herein. In the disclosed embodiment, 
the detector elements all have the same structural con?gura 



US 2010/0133536 A1 

tion, and therefore only one of them is illustrated and 
described here in detail. In this embodiment, microbolometer 
infrared detector element 10 is formed on a substrate 11. 
Substrate 11 may be any suitable substrate material including 
a monocrystalline silicon Wafer or a silicon Wafer containing 
a readout integrated circuit (ROIC). In this embodiment, 
microbolometer infrared detector element 10 is a sensor that 
is operable to detect infrared radiation. 

[0051] Still referring to FIG. 1B, microbolometer infrared 
detector element 10 includes thermal isolation legs 14 
coupled to a detector membrane 12. Infrared radiation sensed 
by the detector membrane 12 results in a measurable change 
in the resistance of the material comprising the detector. 
Detector membrane 12 is suspended over the surface of sub 
strate 11 by thermal isolation legs 14. Construction of the 
detector membrane 12 may be in several layers of various 
materials as discussed in further detail beloW. In this exem 

plary embodiment, tWo thermal isolation legs 14 are coupled 
along one side of detector membrane 12 and proceed unat 
tached along a second, adjacent side to an electrode terminal 
end 15. A post 16 is coupled to the electrode terminal end 15 
of thermal isolation leg 14. Post 16 provides structural sup 
port and electrical connection for microbolometer 10. Elec 
trical circuitry connected to electrode terminal ends 15 pro 
vides a constant voltage across the thermal isolation legs 14 
and senses a change in electrical current ?oWing through 
detector membrane 12. The magnitude of the change in elec 
trical current varies With the amount of infrared radiation 
detected. In an alternate embodiment, the electrical circuitry 
may provide a constant electrical current ?oWing through 
detector membrane 12 and senses a change in the voltage 
across thermal isolation legs 14. 

[0052] The thermal mass of microbolometer 10 affects the 
thermal isolation, response time, operating frequency, and 
sensitivity. By fabricating a microbolometer With minimal 
thermal mass, high sensitivity and high operating frequency 
may be realiZed. Thermal isolation of microbolometer 10 
from substrate 11 also affects the operating frequency and 
sensitivity. Thermal isolation of detector membrane 12 from 
substrate 11 increases the sensitivity of microbolometer 10 
since less infrared radiation energy is necessary to raise the 
temperature of detector membrane 12. Thermal isolation also 
affects the operating frequency and response time of 
microbolometer 10 since it affects the cooling rate of detector 
membrane 12. An increase in thermal isolation results in a 
corresponding decrease in cooling rate of detector membrane 
12 and, thus, a corresponding decrease in operating frequency 
of microbolometer 10. 

[0053] In one embodiment, a single step in the fabrication 
of microbolometer 10 may be modi?ed to place a thermal 
shunt 18 on thermal isolation legs 14 coupled to posts 16 to 
decrease the thermal isolation of microbolometer 10. Placing 
a thermal shunt 18 on thermal isolation leg 14 Will increase 
the operating frequency of microbolometer 10 since the cool 
ing rate of detector membrane 12 is increased. Thermal shunt 
18 on thermal isolation legs 14 also results in decreased 
sensitivity since more thermal coupling betWeen detector 
membrane 12 and substrate 11 exists. Thus, an increased 
amount of infrared radiation energy is necessary to increase 
the temperature of detector membrane 12 resulting in a cor 
responding change in the electrical resistance of the detector. 
By varying the length of thermal shunt 18, and thus the 
amount of thermal shunt material deposited on thermal iso 
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lation legs 14, a microbolometer 10 With differing operating 
frequency and sensitivity characteristics may be fabricated. 
[0054] As shoWn for the exemplary embodiment of FIG. 
1B, beneath detector membrane 12 is an antire?ective struc 
ture and resonant cavity 20. Antire?ective structure 20 func 
tions to minimize the amount of infrared radiation unab 
sorbed by detector membrane 12 and may be present in one 
embodiment to enhance absorption of infrared radiation. 
Detector membrane 12 is suspended above the surface of 
substrate 11 at a height of approximately one-quarter Wave 
length of the infrared radiation to be detected by microbo 
lometer 10. The one-quarter Wavelength height causes infra 
red energy Waves unabsorbed by detector membrane 12 to be 
re?ected by re?ector 22 and trapped in antire?ective structure 
20 until the infrared radiation is absorbed by detector mem 
brane 12. Antire?ective structure 20 creates a more ef?cient 
microbolometer 10 since the amount of infrared radiation 
absorbed by detector membrane 12 is maximiZed. 
[0055] Referring noW to FIG. 2, semiconductor substrate or 
integrated circuit 11 provides the base for the formation of 
microbolometer 10. A silicon dioxide layer 30 is formed on 
substrate 11. A thin layer of titanium 32 is next formed on 
silicon dioxide layer 30 folloWed by a thin layer of aluminum 
34. Aluminum layer 34 and titanium layer 32 are patterned 
using a photoresist and etch process to form connection pads 
40 for providing electrical connections to other electrical 
circuitry for microbolometer 10. In addition, aluminum layer 
34 and titanium layer 32 are patterned to form re?ector 22 for 
providing a re?ective surface Within antire?ective structure 
and the resonant cavity 20 as shoWn in FIG. 1B. In one 
exemplary embodiment, microbolometer 10 is formed as a 
part of a readout integrated circuit (ROIC). One connection 
pad 40 of microbolometer 10 passes through the surface 
dielectric layer of the substrate 11 to make contact With the 
underlying electrical circuitry. The other connection pad 40 
of microbolometer 10 is coupled to a common bus formed 
from the aluminum layer 34 on the surface of substrate 11. 
FIG. 3 illustrates in part aluminum layer 34 after patterning 
by the photoresist and etch technique. 
[0056] As shoWn in FIG. 2, a polyimide layer 36 is depos 
ited in this exemplary embodiment over the entire structure to 
a depth on the order of one-quarter Wavelength of the infrared 
radiation to be detected. A one-quarter Wavelength depth 
provides the proper spacing betWeen re?ector 22 of antire 
?ective structure 20 and the bottom surface of detector mem 
brane 12. The polyimide 36 is an organic material. Openings 
are etched in polyimide layer 36 to expose aluminum connec 
tion pads 40 to de?ne post receptors 38. Post receptors 38 are 
holes in electrode terminal ends 15 that Will eventually con 
tain an aluminum post providing structural support and elec 
trical connections for microbolometer 10. Post receptors 38 
may be formed using a photoresist and etch technique. FIG. 3 
illustrates in part the location of post receptors 38. 
[0057] Referring noW to FIG. 4, a ?rst loW stress dielectric 
?lm 50 is formed on the surface of the existing structure, e. g., 
to a depth of from about 50 Angstroms (A) to about Ang 
stroms (A), alternatively to a depth of about 300 Angstroms 
(A), although depths of less than about 50Angstroms (A) and 
greater than about 1000 Angstroms (A) are also possible. In 
one embodiment, ?rst loW stress dielectric ?lm 50 may be an 
amorphous silicon nitride material but may be any other suit 
able dielectric material, e.g., silicon oxide. First loW stress 
dielectric ?lm 50 may be formed using, for example, PECVD 
or other suitable method. Next, detector element layer 52 is 
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formed to obtain a resistive layer to function as the detector 
element in microbolometer 10. In one embodiment, the depo 
sition may take place at a temperature just below that Which 
Will degrade polyimide layer 36 (e. g., from about 3600 C. to 
about 4500 C., alternatively at about 3650 C.). Further infor 
mation on deposition of detector element layer 52 is given 
beloW in relation to Tables 1-6. A second loW stress dielectric 
?lm 54 is then deposited on detector element layer 52 to a 
depth of from about 50 Angstroms (A) to about 1000 Ang 
stroms (A), alternatively to a depth of about 250 Angstroms 
(A), although depths of less than about 50 Angstroms (A) and 
greater than about 1000 Angstroms (A) are also possible. 
[0058] A detector element layer 52 of detector membrane 
12 is next formed on the surface of the structure in contact 
With ?rst loW stress dielectric ?lm 50, e. g., to a depth of from 
about 500 to about 1,000 Angstroms (A), although depths of 
less than about 500 Angstroms (A) and greater than about 
1000 Angstroms (A) are also possible. Detector element layer 
52 is resistive and may be an amorphous silicon-based mate 
rial that includes varying amounts of one or more additional 

materials, including hydrogen, ?uorine and/ or germanium. In 
one exemplary embodiment, detector element layer 52 may 
include an amorphous silicon-based material such as 
undoped or doped (p-type or n-type) hydrogenated amor 
phous silicon (a-SizH), hydrogenated ?uorinated amorphous 
silicon (a-SizHzF), amorphous silicon germanium (a-Sil_ 
xGex), hydrogenated amorphous silicon germanium (a-Sil_ 
xGexzH), or hydrogenated ?uorinated amorphous silicon ger 
manium (a-Si l_,€Ge,C:H:F). 
[0059] An amorphous silicon-based material may be groWn 
as detector element layer 52 using PECVD or other suitable 
method, e.g., Hot Wire Chemical Vapor Deposition 
(HWCVD), Electron Cyclotron Resonance Chemical Vapor 
Deposition (ECR-CVD), MicroWave CVD, etc. Tables 1-6 
beloW list exemplary parameters for groWth in a PECVD 
reactor of selected amorphous silicon-based materials. In 
each of the tables beloW, the second column provides exem 
plary parameter ranges in Within Which one or more param 
eters may be varied to achieve desired material properties, 
e.g., ?oW rate of silane may be varied relative to How rate of 
germane to achieve the desired value of “x” in an a-Sil_xGex 
based material. 

[0060] In each of the embodiments described beloW, an 
amorphous silicon-based material may be optionally groWn 
as an amorphous silicon-based material structure that con 

tains an amount of microcrystallites that is less than or equal 
to about 10% by volume of the amorphous silicon-based 
material (as determined by Raman spectroscopy) and that are 
from about 1 nanometers to about 10 nanometers in siZe (as 
determined by x-ray diffraction). In this regard, the substrate 
temperature, plasma poWer (When using PECVD reactor) and 
hydrogen dilution ratio may be optionally set to drive the 
silicon or silicon germanium structure near the amorphous to 
crystalline transition Where the material has stable (loW 
energy) con?guration. HoWever, it Will be understood that 
groWth parameters may be varied to achieve desired amor 
phous silicon-based materials, including amorphous silicon 
based materials containing microcrystallites in an amount 
greater than about 10% by volume of the amorphous silicon 
based material, and/or that have a siZe of less than about 1 
nanometer or greater than about 10 nanometers. For example, 
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higher substrate temperature, higher plasma poWer, and 
greater amounts of hydrogen dilution tend to increase the 
microcrystallite amount. 

[0061] It Will be understood that the particular combina 
tions of precursor materials given in Tables 1-6 are exemplary 
only, and that any other combination of sources of silicon, 
hydrogen, germanium, ?uorine, p-type dopant and/or n-type 
dopant (and relative amounts thereof) that is suitable for 
forming undoped or doped (p-type or n-type) amorphous 
silicon-based materials such as hydrogenated amorphous sili 
con (a-SizH), ?uorinated amorphous silicon (a-SizF), hydro 
genated ?uorinated amorphous silicon (a-SizHzF), amor 
phous silicon germanium (a-Sil_xGex), hydrogenated 
amorphous silicon germanium (a-Sil_xGex:H), ?uorinated 
amorphous silicon germanium (a-Sil_xGex:F), and hydroge 
nated ?uorinated amorphous silicon germanium (a-Si1_xGex: 
HzF) materials may be employed. For example, p-doped ?u 
orinated amorphous silicon (a-SizF) material ?lm may be 
groWn in one exemplary embodiment in a PECVD reactor 

from SiF4 and BF 3 precursors, and undoped ?uorinated amor 
phous silicon (a-SizF) material ?lm may be groWn in one 
exemplary embodiment from SiF4 precursor. Similarly, 
p-doped ?uorinated amorphous silicon germanium (a-Sil_ 
xGexzF) material ?lm may be groWn in one exemplary 
embodiment in a PECVD reactor from SiF4, GeF4 and BF3 
precursors, and undoped ?uorinated amorphous silicon ger 
manium (a-Sil_xGex:F) material ?lm may be groWn in one 
exemplary embodiment from SiF4 and GeF4 precursors. It 
Will also be understood that the particular parameter values 
and parameter value ranges (e.g., precursor amounts and 
ranges of precursor amounts) in each of Tables 1-6 are also 
exemplary, e. g., ?oW rates and ranges of How rates given for 

each of SiH4, SiF4, H2, B133, GeH4, GeF4, BCl3, and/or PH3 
may be greater than or less than the values given in each 
respective Table 1-6. 

[0062] In addition, it Will also be understood that the 
parameter ranges and parameter values given in each table are 
exemplary only, and that any other combination of parameter 
ranges or parameter values suitable for formation of the amor 
phous silicon-based materials described herein may be 
employed. In this regard, the values of the groWth parameters, 
such as the precursor gas ?oW rates, may be determined and 
set appropriately for the various desired ?nal material com 
position, e.g., such as Ge composition “x” value. Further, it 
Will be understood that PECVD reactor parameters (e.g., LF 
poWer density duty cycle may vary), and that the amount of 
precursors (e.g., SiH4 and/or H2) that may be provided in 
argon or other suitable diluent may be varied (e.g., greater 
than about 5% or less than about 5%) as needed or desired to 
form the indicated material of each table. 

[0063] In one exemplary embodiment detector element 
layer 52 may be groWn as undoped a-Si:H With or Without 
hydrogen dilution. Table 1 beloW lists exemplary parameters 
for groWth in a PECVD reactor of an undoped a-Si:H mate 
rial, With third column giving exemplary parameters for 
groWth of undoped a-Si: H material ?lm groWn With hydrogen 
dilution to have a hydrogen content of 10 atomic %, although 
hydrogen contents of greater or less than about 10 atomic % 
are also possible. 
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TABLE 1 

Parameters for PECVD growth ofundoped a-Si:H Using Hydrogen Dilution 

Parameter Exemplary Parameter Range 

Exemplary Parameter 
Value for Hydrogen 
Content = 10 Atomic % 

Substrate Temperature 
Total Pressure 

High Frequency (HF) Power 

HF Power density 

Low Frequency (LF) Power 
(50% duty cycle) 
LF Power density 

5% SiH4 in Argon (Ar) Flow 
rate 

6% H2 in Argon (Ar) Flow rate 

H2 dilution (ratio of hydrogen 
flow rate to SiH4 flow rate) 

about 50° C. to about 450° C. 
about 500 mTorr to about 
1800 mTorr 
about 5 Watts to about 25 
Watts 
about 0.005 Watts/cm2 to 
about 0.03 Watts/cm2 
about 50 Watts to about 
150 Watts 
about 0.03 Watts/cm2 to 
about 0.1 Watts/cm2 
about 60 standard cubic 
centimeter per minute 
(sccm) to about 480 sccm 
About 120 sccm to about 
1800 sccm 

about 1:1 to about 100:1 

about 365° C. 
about 1800 mTorr 

about 9 Watts 

about 0.011 Watts/cm2 

about 150 Watts 

about 0.088 Watts/cm2 

about 120 sccm 

about 1200 sccm 

about 10:1 

Typical Growth rate about 0.5 Nsecond to about 0.8 Nsecond 
about 2.0 Nsecond 

[0064] In another exemplary embodiment detector element 
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have a hydrogen content of 10 atomic %. In one exemplary 
layer 52 may be grown as a p-doped a-Si:H:F with or without 
hydrogen dilution. Table 2 below lists exemplary parameters 
for growth in a PECVD reactor of p-doped a-Si:H:F material 
with the third column giving exemplary parameters for 
growth of p-doped a-Si:H:F material ?lm having ?uorine 
content of 1 atomic % and grown with hydrogen dilution to 

embodiment, p-doped a-Si:H:F may be formed having a ?uo 
rine content of from about 1 atomic % to about 10 atomic %, 
it being understood that ?uorine contents greater than about 
10 atomic % and less than about 1 atomic % are also possible, 
as are hydrogen contents of greater or less than about 10 
atomic %. 

TABLE 2 

Parameters for PECVD growth ofp-doped a-Si:H:F 
with or without Hydrogen Dilution 

Parameter Exemplary Parameter Range 

Exemplary Parameter Value 
for Fluorine Content = 

1 atomic % and Hydrogen 
Content = 10 atomic % 

Substrate Temperature 
Total Pressure 

High Frequency (HF) Power 

HF Power density 

Low Frequency (LF) Power 
(50% duty cycle) 
LF Power density 

5% SiH4 in Argon (Ar) Flow 
rate 

BF3 Flow rate 

6% H2 in Ar Flow rate 

H2 dilution (ratio of hydrogen 
flow rate to SiH4 flow rate) 
Typical Growth rate 

about 50° C. to about 450° C. 
about 500 mTorr to about 

1800 mTorr 
about 5 Watts to about 25 
Watts 

about 0.005 Watts/cm2 to 
about 0.03 Watts/cm2 
about 50 Watts to about 

150 Watts 
about 0.03 Watts/cm2 to 
about 0.1 Watts/cm2 
about 60 standard cubic 
centimeter per minute 

(sccm) to about 480 sccm 
about 0.4 sccm to about 

10 sccm 

0 sccm to about 1800 

sccm 

about 1:1 to about 100:1 

about 0.5 Nsecond to 

about 2.0 Nsecond 

about 365° C. 
about 1800 mTorr 

about 9 Watts 

about 0.011 Watts/cm2 

about 150 Watts 

about 0.088 Watts/cm2 

about 120 sccm 

about 1 sccm 

about 1200 sccm 

about 10:1 

about 0.8 Nsecond 






















