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(57) ABSTRACT 

A process using integrated sensor technology in Which a 
micromachined sensing element and signal processing cir 
cuit are combined on a single semiconductor substrate to 
form, for example, an infrared sensor. The process is based 
on modifying a CMOS process to produce an improved 
layered micromachined member, such as a diaphragm, after 
the circuit fabrication process is completed. The process 
generally entails forming a circuit device on a substrate by 
processing steps that include forming multiple dielectric 
layers and at least one conductive layer on the substrate. The 
dielectric layers comprise an oxide layer on a surface of the 
substrate and at least tWo dielectric layers that are in tension, 
With the conductive layer being located betWeen the tWo 
dielectric layers. The surface of the substrate is then dry 
etched to form a cavity and delineate the diaphragm and a 
frame surrounding the diaphragm. The dry etching step 
terminates at the oxide layer, such that the diaphragm 
comprises the dielectric layers and conductive layer. A 
special absorber is preferably fabricated on the diaphragm to 
promote ef?cient absorption of incoming infrared radiation. 
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PROCESS FOR A 
MONOLITHICALLY-INTEGRATED 

MICROMACHINED SENSOR AND CIRCUIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/354,589, ?led Feb. 4, 2002. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention generally relates to micro 
machined sensors. More particularly, this invention relates 
to a process for forming a monolithically-integrated sensor 
comprising a micromachined transducer and sensing cir 
cuitry combined on a single silicon substrate. 

[0005] 2. Description of the Related Art 

[0006] Integrated micromachined sensors are generally 
fabricated using a post-processing approach, in Which the 
micromachined features are formed by etching after the 
processing circuitry is fabricated. Wet anisotropic etch tech 
niques have typically been used to de?ne recesses and 
release membranes of micromachined features. HoWever, 
Wet anisotropic etching requires signi?cant horiZontal mar 
gins because etching occurs along the planes of the silicon 
Wafer at a 54.7 degree angle. As a result, die siZe must be 
increased to alloW for sufficient device tolerances, With the 
disadvantage that integrated micromachined sensors are not 
as compact as might be desired. 

[0007] Another limitation associated With eXisting micro 
machined sensors integrated With CMOS (complementary 
metal oXide semiconductor) and BiCMOS (bipolar and 
complementary metal oXide semiconductor) processes is 
that dielectric layers utiliZed in such processes are in com 
pression due to adhesion requirements on metal layers and 
long-term reliability. HoWever, there exists the potential for 
signi?cant yield loss in dielectric isolated structures, such as 
micromachined diaphragms, due to Wrinkling caused by the 
compressive stresses Within such dielectric layers. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention is a process using integrated 
sensor technology in Which a micromachined sensing ele 
ment and CMOS or BiCMOS signal processing circuits are 
combined on a single semiconductor substrate, in Which the 
process steps provide a more compact sensor and improved 
yields as compared to previous integrated micromachined 
sensors. The process is based on modifying a BiCMOS or 
CMOS process to produce an improved layered microma 
chined member, such as a sensor diaphragm, after the circuit 
fabrication process is completed. Compressive stresses 
Within the composite layer of the micromachined member 
are signi?cantly reduced or eliminated to improve yields. 
The process is Well suited for the fabrication of microma 
chined thermopile transducers for use as infrared sensors, 
though other types of micromachined sensors are foresee 
able and Within the scope of this invention. 
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[0009] Generally, the process of this invention entails 
forming a circuit device on a substrate by processing steps 
that include forming multiple dielectric layers and at least 
one conductive layer on the substrate. The multiple dielec 
tric layers comprise an oXide layer on a surface of the 
substrate and at least tWo other dielectric layers that are in 
tension, With the conductive layer being located betWeen the 
tWo dielectric layers. The surface of the substrate is then dry 
etched to form a cavity therein and thereby delineate a 
micromachined member and a frame surrounding the micro 
machined member. The dry etching step terminates at the 
oXide layer, such that the micromachined member comprises 
the multiple dielectric layers and the conductive layer. 

[0010] As described above, the process of this invention is 
able to produce a sensor characteriZed by reduced signal 
noise as a result of the sensing (micromachined) member 
being fabricated on the same chip as its signal processing 
circuitry, thereby minimiZing the distance that the transducer 
signal must be transmitted. Fabrication of the sensor struc 
ture does not require high dopant concentrations, thermal 
treatments or other processing steps that Would be incom 
patible With standard BiCMOS and CMOS devices, such 
that the signal processing circuitry can make use of CMOS 
and BiCMOS technology. The sensor also does not require 
the use of materials and process steps that are not conducive 
to mass production processes made possible With CMOS 
technology. 

[0011] In addition to the above, the process of this inven 
tion results in stresses Within the deposited layers being 
effectively tensile after the completion of the IC fabrication 
process. More particularly, the process of this invention 
forms tensile ?lms both above and beloW the conductive 
layer to provide good adhesion While converting to tensile 
the net stress in the composite dielectric stack, such that the 
potential is reduced for yield losses attributable to compres 
sive stresses Within the dielectric stack. According to 
another aspect of the invention, the dry etch provides various 
advantages, including producing Walls normal to the etched 
surface so as to reduce the siZe of the die required to 
accommodate the integrated micromachine. 

[0012] Other objects and advantages of this invention Will 
be better appreciated from the folloWing detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 represents a cross-section of a thermopile 
based micromachined sensor that can be produced using a 
process in accordance With a ?rst embodiment of the inven 
tion. 

[0014] FIGS. 2 and 3 represent tWo processing steps in 
the fabrication of the sensor represented in FIG. 1. 

[0015] FIG. 4 is a perspective vieW illustrating the round 
ing of etched corners produced in accordance With a pre 
ferred aspect of this invention. 

[0016] FIG. 5 represents a cross-section of a thermopile 
based micromachined sensor that can be produced using a 
process in accordance With a second embodiment of the 
invention. 

[0017] FIGS. 6 through 10 represent a ?rst series of 
processing steps in the fabrication of the sensor represented 
in FIG. 5. 
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[0018] FIGS. 11 and 12 represent tWo steps of an alter 
native series of processing steps in the fabrication of the 
sensor represented in FIG. 5. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0019] Micromachined sensors produced by processes of 
this invention are illustrated in the Figures as thermopile 
transducers suitable for use as infrared sensors, though other 
types of micromachined sensors are foreseeable and Within 
the scope of this invention. Processes relating to tWo 
embodiments of this invention are described beloW. A?rst of 
the embodiments is a front-side-up device represented in 
FIG. 1, intended for Wirebonding Within a package. The 
second embodiment is a front-side-doWn device represented 
in FIG. 5, intended to be surface-mounted Within a package 
by solder bumping and re?oW. 
[0020] With reference to FIG. 1, an infrared sensor 10 is 
shoWn comprising a thermopile transducer 12 and a signal 
processing circuitry 14 on a silicon substrate 20, Which may 
be formed of undoped or lightly-doped (i.e., not heavily 
doped) single-crystal silicon or another suitable semicon 
ductor material. The sensor 10 is depicted as being of a type 
disclosed in co-pending US. patent application Ser. No. 

{Attorney Docket No. DP-306616}, Which is incor 
porated herein by reference. The thermopile transducer 12 is 
supported on a thin membrane, or diaphragm 16, surrounded 
by a support frame 18 formed by the substrate 20. The signal 
conditioning circuitry 14 is represented as comprising a 
complementary metal-oxide-semiconductor (CMOS) device 
fabricated on the frame 18 to provide on-chip interface/ 
compensation circuitry for the output of the transducer 12. 
Notably, the substrate 20 is undoped or lightly-doped 
because a heavily-doped substrate Would be incompatible 
With the CMOS process used in the present invention. 

[0021] The diaphragm 16 and frame 18 are shoWn as 
supporting a pair of thermopiles 22, each comprising a series 
of thermocouples 24. According to Ser. No. {Attor 
ney Docket No. DP-306616}, the thermocouples 24 of one 
thermopile 22 preferably alternate With the thermocouples 
24 of the second thermopile 22, such that the thermopiles 22 
are interlaced. Each thermocouple 24 has a pair of junctions, 
referred to as hot and cold junctions 26 and 28, respectively, 
formed by dissimilar electrically-resistive materials. The 
dissimilar materials are preferably aluminum and, as Will be 
discussed in greater detail beloW, p-type polysilicon (poly 
silicon legs are shoWn in FIG. 1), though other materials 
could be used. The thermocouples 24 have their cold junc 
tions (CI) 28 on the frame 18 and their hot junctions (HJ) 26 
on the diaphragm 16, Which is adapted for absorption of 
infrared radiation and preferably composed of multiple 
layers of dielectric materials, polysilicon and metals, at least 
some of Which enhance infrared and heat absorption. When 
the diaphragm 16 is eXposed to infrared radiation, these 
layers absorb the radiation and raise the temperature of a 
central heat-absorption Zone 30 of the diaphragm 16 above 
that of the surrounding area of the diaphragm 16. This, 
coupled With the heat loss to the support frame 18, creates 
a temperature gradient from the center of the sensor 10 to the 
edge of the diaphragm 16, causing the thermocouples 24 to 
produce a measurable output voltage, or Seebeck potential, 
from the thermopiles 22. 

[0022] The signal processing circuitry 14 for the thermo 
pile-based transducer 22 is located on the support frame 18 
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Where the cold junctions 28 of the thermopiles 22 are 
located. As illustrated, signal conditioning is done by a 
CMOS circuit that provides a gain to the incoming signal 
and also converts it into a single-ended analog and/or digital 
output. A metalliZation layer 40 (Metal-1) contacts the hot 
and cold junctions 26 and 28 through vias de?ned in a 
dielectric layer 38. In combining the processes to fabricate 
the transducer 12 and circuitry 14, the metalliZation layer 40 
is preferably deposited and patterned to also de?ne the 
metalliZation for the circuitry 14. As shoWn in FIG. 1, a 
second metalliZation layer 50 (Metal-2) interconnects the 
metalliZation layer 40 With the signal processing circuitry 
14. The metalliZation layers 40 and 50 can be formed of, for 
eXample, Al-1% Si or another suitable metalliZation alloy, 
and have a thickness of, for example, about 6000 Angstroms. 
The dielectric layer 38 may comprise a layer of phospho 
silicate glass (PSG) or loW temperature oXide (LTO), and 
may have a thickness of, for eXample, about 3000 Ang 
stroms. The dielectric layer 38 also preferably includes a 
layer of spin-on glass (SOG) (e.g., about 800 Angstroms) for 
planariZing. 
[0023] The fabrication process for the sensor 10 shoWn in 
FIG. 1 starts With a circuit process to create the bipolar and 
CMOS devices on the Wafer substrate 20. Such processes are 
Well knoWn in the art, and therefore Will not be described in 
any detail. In a p-type substrate 20 such as that of FIG. 1, 
the gate polysilicon of a CMOS device is typically n-type in 
order to minimiZe the amount of processing required to 
obtain the desired threshold. Therefore, n-type polysilicon 
has been used in the majority of CMOS processes. In the 
past, the gate electrode polysilicon of a CMOS device Would 
also be used to form one leg of a thermopile fabricated 
simultaneously With the CMOS device. It is preferable to use 
p-type polysilicon since it has a higher Seebeck coef?cient 
compared to n-type polysilicon. HoWever, conventional 
practice Would require special processing to produce p-type 
polysilicon for a thermopile fabricated in an n-type transistor 
gate polysilicon process. In contrast to conventional prac 
tice, the present invention uses a second level polysilicon 
layer that is selectively doped p-type as one leg of each 
thermocouple 24 (FIG. 1). As a result, the sensor 10 in FIG. 
1 has a combination of an n-type CMOS gate electrode 
(Poly-1) 54 and thermopiles 22 With p-type polysilicon legs 
in the same circuit. The p-type polysilicon has a higher 
thermoelectric coefficient than n-type polysilicon, and thus 
promotes the sensitivity of the sensor 10. The operational 
bene?ts are thermopiles 22 that exhibit higher sensitivity 
and appropriate thresholds With minimum processing of the 
CMOS device. 

[0024] In general, CMOS circuit processes tend to deposit 
dielectric layers having a net compressive stress after 
completion of the process. The circuit process of this inven 
tion is modi?ed such that stresses in the deposited layers are 
effectively tensile after the completion of the circuit process. 
One preferred aspect for achieving this result is to reduce the 
thicknesses of compressive layers in the diaphragm 16. One 
of the biggest contributors to compressive stress Within a 
deposited structure of the type shoWn in FIG. 1 is a ?eld 
oXide layer, Which is typically the loWermost layer in the 
dielectric stack of a sensor diaphragm. A ?eld oXide layer 
having a thickness of about 0.7 (13m to about 1 (13m is 
typically required as an etch-stop during the ?nal Wet 
chemical anisotropic etch conventionally performed to 
de?ne a sensor diaphragm. HoWever, the present invention 
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uses a thinner thermal oxide layer 34 as the lowermost layer 
in the dielectric stack. FIG. 2 shoWs an approximately 0.3 
CIJm-thick thermal oxide layer 34 that Was groWn during 
drive-in of the n-Well 35 of the PMOS transistor and a 
second n-type region 37 formed in the surface of the 
substrate 20 on Which multiple layers of the diaphragm 16 
Will be deposited. The thermal oxide layer 34 is suf?ciently 
thick to serve as an etch-stop When dry etching the substrate 
20 to form a cavity 32 that delineates the multilayered 
diaphragm 16 (FIG. 1). Importantly, the n-Well 37 (Whose 
midsection is removed during etching of the cavity 32) 
provides the surface area in the BiCMOS process How 
Where the thermal oxide layer 34 can be groWn. The n-Well 
37 can be electrically biased to reduce noise coupling from 
Within the substrate 20 to the thermopiles 22. A thick ?eld 
oxide layer 33 is shoWn as forming a rim around the 
diaphragm 16. 
[0025] Yet another aspect of the circuit process of this 
invention relates to forming tensile ?lms in the diaphragm 
16 both above and beloW the metalliZation layers 40 and 50 
(Metal-1 and Metal-2) so as to convert to tensile the net 
stress in the composite dielectric stack, While achieving 
good adhesion With the metalliZation layers 40 and 50. A 
?rst of these tensile ?lms is preferably a loW pressure (LP) 
nitride ?lm 36, preferably about 0.2 to 0.4 (pm in thickness, 
Which is deposited and patterned after groWing the thermal 
oxide layer 34 as represented in FIG. 3. The nitride ?lm 36 
is preferably deposited by chemical vapor deposition (CVD) 
prior to depositing the metalliZation layers 40 and 50. A 
second tensile ?lm shoWn in FIG. 1 is an approximately 1.2 
to 2 (pm-thick layer of oxynitride 46 deposited over the 
second level metalliZation layer 50 (Metal-2). In addition to 
its ability to be deposited as a tensile ?lm, the oxynitride 
layer 46 is an infrared-absorbing dielectric material and 
therefore promotes heat absorption in the central heat 
absorption Zone 30. The thicknesses and the stacking 
sequence of these dielectric layers 36 and 46 above and 
beloW the patterned metalliZation layers 40 and 50 of the 
integrated sensor 10 are important to achieving the tensile 
stresses in the micromachined portion (diaphragm 16) of the 
sensor 10, Which in turn improves yields. 

[0026] Another important aspect of the process of this 
invention is the use of a dry release etch from the backside 
of the substrate 20 to form the diaphragm 16 and cavity 32, 
as opposed to a Wet chemical etch typically used in the past. 
Adry release etch provides a signi?cant area advantage over 
a Wet chemical etch as a result of being anisotropic in nature, 
thereby producing Walls normal to the etched surface and 
reducing the siZe of the die required to accommodate the 
integrated micromachine. In addition, Wet chemical etches 
can cause unpredictable yield loss and reliability problems 
in such integrated sensors Which have circuits merged With 
sensors on the same substrate. Adry etching process used by 
the present invention to produce rounded corners 39 on the 
backside etch cavity 32, as portrayed FIG. 4. Rounding the 
corners 39 of the cavity 32 has the effect of further reducing 
stresses Within the diaphragm, thereby increasing the yield 
of the dry etch process. Rounded corners 39 also alloW for 
a more uniform dry etch across the diaphragm area, requir 
ing less over-etch to clear silicon out of the corners of the 
diaphragm area. The etched cavity 32 and its rounded 
corners 39 can be produced by appropriately masking the 
loWer surface of the substrate 20 prior to performing the dry 
etch process. Apreferred dry etch technique is deep reactive 
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ion etching DRIE as is knoWn in the art, though it is 
foreseeable that other dry etch techniques could be used. 

[0027] Other preferred layers and structures Within the 
sensor 10 shoWn in FIG. 1 include an absorber/re?ector 
metal 42 Within the central heat-absorption Zone 30 and 
located beloW the oxynitride layer 46 and a second dielectric 
layer 44. Similar to oxynitride, the second dielectric layer 44 
is preferably formed of an infrared absorption dielectric 
material, such as a tetra-ethyl-ortho-silicate (TEOS) depos 
ited oxide. In a preferred embodiment, the TEOS-based 
oxide layer 44 has a thickness of about 16,000 Angstroms. 
The absorber/re?ector metal 42 can be deposited and pat 
terned With the metalliZation layer 40 (Metal-1), and there 
fore also formed of Al-1% Si or another suitable metalliZa 
tion alloy. Alternatively, the absorber/re?ector metal 42 can 
be deposited and patterned separately from the metalliZation 
layer 40, Which Would permit the metal 42 to be formed of 
another suitable material, such as W—Si. The absorber/ 
re?ector metal 42 serves to re?ect any unabsorbed radiation 
(i.e., traveling doWnWard toWard the cavity 32) back toWard 
the infrared absorbing dielectric layers 44 and 46. The 
combination of the absorber/re?ector metal 42 beloW infra 
red absorbing dielectric layers 44 and 46 formed of oxyni 
tride and a TEOS-based oxide provide good absorption 
(greater than 50%) of radiation of Wavelengths of about 
eight to about ?fteen micrometers, and good transmission 
(greater than 80%) for other Wavelengths, creating What can 
be termed a thermal ?lter Whereby heating of the diaphragm 
16 can be proportional to a ?rst order to the absorbed 
Wavelengths only. 

[0028] As shoWn in FIG. 1 the sensor 10 also preferably 
has a metal rim 48, Which as shoWn can be deposited and 
patterned With the second metalliZation layer 50. The rim 48 
is preferably patterned so that, in terms of alignment in the 
direction of radiation transmission through the diaphragm 
16, the rim 48 overlaps the boundary betWeen the diaphragm 
16 and the surrounding frame 18, i.e., aligned With the edge 
de?ned by the cavity 32 in the substrate 20. In this manner, 
the rim 48 masks the edge variation from device to device, 
reducing temperature variation from one cold junction 28 to 
another. Thus the rim 48 promotes consistent behavior of the 
thermopiles 22 irrespective of any etching variations that 
might be introduced by the fabrication process. 

[0029] Those skilled in the art Will appreciate that, aside 
from the selection, location and deposition technique of the 
layers that form the diaphragm 16 and the etch technique 
employed to de?ne the cavity 32, the sensor 10 shoWn in 
FIG. 1 can be fabricated using conventional CMOS pro 
cessing techniques. Therefore, the steps required to form the 
diffused regions in the substrate 20 and deposit and pattern 
the layers of the sensor 10 on the substrate surface need not 
be discussed in any detail here. FolloWing fabrication and 
singulation, the sensor 10 represented in FIG. 1 can be 
mounted in industry standard metal or ceramic IC packages. 
As shoWn in FIG. 1, the sensor 10 is adapted for connection 
to a package by Wire-bonding to bond pads 56 formed on 
exposed regions of the second metalliZation layer 50. 

[0030] A front-side-doWn bumped sensor 110 of this 
invention is represented in FIG. 5, Which uses the same 
reference numbers for the same sensor components 
described in reference to FIG. 1. The fabrication process for 
the sensor 110 includes all the earlier mentioned process 
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details for the front-side-up sensor 10, With some additional 
process steps. One additional process is to form solder 
bumps 58 on front-side bond pads 56 to alloW the sensor 110 
to be mounted circuit side-doWn Within an industry-standard 
metal or ceramic IC package 59. An advantage of this 
orientation is that additional focal distance (e.g., about 0.5 
mm) can be provided for incoming infrared radiation, Which 
impinges the diaphragm 16 through the cavity 32 after 
passing through an optical WindoW and lens 57 in the 
package 59. The additional focal length permits the package 
59 to be loWer in height and therefore less expensive and 
easier to assemble on system boards. 

[0031] Another additional process for the sensor 110 
shoWn in FIG. 5 is the fabrication of a special absorber 52 
on the backside of the sensor 110, again after the circuit 
fabrication process is completed on the front side of the 
sensor Wafer. The absorber 52 is created using one of tWo 
subsequent process steps represented in FIGS. 6 through 10 
or 11 through 12, in Which a portion of the backside surface 
of the diaphragm 16 is etched to form a region of black 
silicon as the absorber 52. Black silicon, also knoWn as 
silicon grass, can be formed by changing the silicon etch 
conditions to alloW for micromasking during the dry etch 
process by Which the cavity 32 is formed. As knoWn in the 
art, black silicon has a conical microstructure, and as a result 
of this morphology is able to absorb a large percentage of 
incident radiation. This promotes efficient absorption of 
incoming infrared radiation by the absorber 52, thereby 
generating a larger sensor signal and improving signal-to 
noise ratio. 

[0032] In the process represented in FIGS. 6 through 10, 
FIG. 6 schematically represents the sensor substrate 20 as it 
appears after completion of the CMOS process, during 
Which the signal conditioning circuitry 14 Was formed. The 
substrate 20 is circuit side-doWn in comparison to FIG. 1 in 
preparation for etching of the cavity 32. For convenience, 
other than the thermal oxide layer 34, the various dielectric 
and metalliZation layers of the sensor 110 (e.g., layers 24, 
36, 38, 40, 42, 44, 46, 48 and 50) are not shoWn in any detail. 
The ?rst step in forming the black silicon absorber 52 is 
represented in FIG. 7, Which shoWs a mask 58 applied and 
patterned on the substrate 20, through Which a trench 60 is 
etched into the substrate 20 as shoWn in FIG. 8. The trench 
60 corresponds to the perimeter of the cavity 32 to be formed 
in the substrate 20. As noted previously, a preferred tech 
nique for this and subsequent etches is DRIE, though simple 
dry etching could also be used. After this initial etch, the 
mask 58 is removed and a second mask 62 is applied and 
patterned to form an opening that surrounds the trench 60, 
leaving exposed the trench 60 and a substrate surface region 
64 surrounded by the trench 60 as shoWn in FIG. 9. The 
result of simultaneously dry etching (again, preferably 
DRIE) the exposed trench 60 and surface region 64 is 
represented in FIG. 10, Wherein the trench 60 noW extends 
to the thermal oxide layer 34 that serves as the etch stop for 
the dry etch process. In contrast, the etching process has 
removed much but not all of the substrate 20 betWeen the 
substrate surface region 64 and the thermal oxide layer 34. 
The absorber 52 and trench 60 represented in FIG. 10 are the 
result of initially using etch conditions in the DRIE reactor 
that are knoWn to produce clean and Well-de?ned trenches 
With vertical side Walls, until the etch stops at the etch-stop 
(thermal oxide) layer 34 to complete the trench 60. At this 
point, the trench 60 surrounds a remaining portion of the 
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substrate 20 at the location Where the absorber 52 is to be 
formed. The conditions in the DRIE reactor are then 
sWitched to those knoWn in the art to cause black silicon 
formation, With the result that the black silicon absorber 52 
is formed from the remaining substrate material. The trench 
60 de?nes a thermal isolation trench surrounding black 
silicon absorber 52. 

[0033] The absorber 52 and trench 60 shoWn in FIG. 12 
is essentially identical to those of FIG. 10. HoWever, as 
represented in FIG. 11, the process used to form the 
absorber 52 and trench 60 differs. In FIG. 11, a single mask 
66 is patterned to have an outer continuous opening 68 for 
forming the trench 60 (and therefore de?ning the perimeter 
of the cavity 32), as Well as a matrix of smaller openings 70 
above the region of the silicon substrate 20 in Which the 
absorber 52 is to be formed. As represented in FIG. 12, an 
etch is then performed, during Which the etch proceeds more 
rapidly through the opening 68 than through the smaller 
openings 70. The etch is continued until the etch through the 
opening 68 encounters the etch-stop (thermal oxide) layer 
34, at Which point the trench 60 is de?ned and surrounds a 
remaining portion of the substrate 20 at the location Where 
the absorber 52 is to be formed. The etch conditions are then 
altered from those that produce clean and Well-de?ned 
trenches With vertical side Walls (e.g., trench 60) to etch 
conditions knoWn in the art to cause black silicon formation. 
As a result, the trench 60 is Well de?ned and highly 
controlled as compared to the trenches etched through the 
smaller openings 70 in the remainder of the silicon substrate 
20 surrounded by the trench 60, resulting in the formation of 
the black silicon absorber 52. 

[0034] While the invention has been described in terms of 
a preferred embodiment, it is apparent that other forms could 
be adopted by one skilled in the art. For example, the process 
is applicable to micromachined devices other than the ther 
mopile infrared sensors 10 and 110 shoWn in the Figures, 
and appropriate materials could be substituted for those 
noted. Accordingly, the scope of the invention is to be 
limited only by the folloWing claims. 

1. A process of fabricating a circuit structure having a 
micromachined member, the process comprising the steps 
of: 

forming a circuit device on a substrate by processing steps 
that include forming multiple dielectric layers and at 
least one conductive layer on the substrate, the multiple 
dielectric layers comprising an oxide layer on a surface 
of the substrate and at least tWo dielectric layers that are 
in tension and comprise a nitride layer and an oxyni 
tride layer, the at least one conductive layer being 
betWeen the at least tWo dielectric layers; and then 

dry etching a surface of the substrate to form a cavity 
therein and thereby delineate the micromachined mem 
ber and a frame surrounding the micromachined mem 
ber, the dry etching step comprising simultaneously 
de?ning an infrared-absorbing body Within the cavity 
and on the micromachined member and terminating at 
the oxide layer, the micromachined member compris 
ing the multiple dielectric layers and the at least one 
conductive layer. 

2. The process according to claim 1, Wherein the micro 
machined member is a diaphragm having a perimeter sup 
ported by the frame. 
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3. The process according to claim 2, wherein the dia 
phragm has a ?rst surface for receiving thermal radiation 
and a sensing layer that contains at least a pair of interlaced 
thermopiles, each thermopile comprising a sequence of 
thermocouples, each thermocouple comprising dissimilar 
electrically-resistive materials that de?ne hot junctions 
located on the diaphragm and cold junctions located on the 
frame, the at least one conductive layer de?ning metal 
conductors that electrically connect the thermopiles to the 
circuit device. 

4. The process according to claim 3, further comprising 
the step of forming a metal body so as to be betWeen the at 
least tWo dielectric layers and Within the diaphragm for 
re?ecting thermal energy through at least one of the multiple 
dielectric layers toWard the hot junctions of the thermopiles. 

5. The process according to claim 3, further comprising 
the step of forming a metal rim so as to be Within the 
diaphragm, overlapping a boundary betWeen the diaphragm 
and the frame so as to be aligned With an edge de?ned by the 
cavity in the substrate, surrounding the hot junctions of the 
thermopiles, and betWeen the hot and cold junctions of the 
thermopiles, the metal body serving to equaliZe thermal 
energy at the cold junctions. 

6. The process according to claim 3, Wherein one of the 
dissimilar electrically-resistive materials is p-type doped 
polysilicon. 

7. The process according to claim 1, Wherein the cavity 
has a rectangular shape With rounded corners. 

8. (Cancelled) 
9. (Cancelled) 
10. (Cancelled) 
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11. The process according to claim 1, Wherein the dry 
etching step comprises: 

applying a mask to the surface of the substrate; 

de?ning an opening in the mask; 

dry etching the substrate through the opening in the mask 
using ?rst etch conditions to de?ne a trench surround 
ing a surface region of the substrate that remains 
unetched as a result of being protected by the mask; 

removing the mask; and then 

dry etching the trench and the surface region using etch 
conditions different than the ?rst etch conditions until 
the trench stops at the oXide layer, a portion of the 
substrate remaining in the cavity to de?ne the infrared 
absorbing body surrounded by the trench. 

12. The process according to claim 1, Wherein the dry 
etching step comprises: 

applying a mask to the surface of the substrate; 

de?ning a ?rst opening in the mask and a plurality of 
second openings in the mask that are smaller than the 
?rst opening, the ?rst opening being continuous and 
surrounding the plurality of second openings; and then 

dry etching the substrate through the ?rst and second 
openings in the mask using ?rst etch conditions to 
de?ne a trench that stops at the oXide layer and then 
using second etch conditions different than the ?rst etch 
conditions to form the infrared-absorbing body sur 
rounded by the trench. 

* * * * * 


