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(57) ABSTRACT 
An infrared (IR) radiation sensor device (27) includes an 
integrated circuit radiation sensor chip (1A) including first (7) 
and second (8) temperature-sensitive elements connected 
within a dielectric stack (3) of the chip, the first temperature 
sensitive element (7) being more thermally insulated from a 
Substrate (2) than the second temperature-sensitive element 
(8). Bonding pads (28A) on the chip (1) are coupled to the first 
and second temperature-sensitive elements. Bump conduc 
tors (28) are bonded to the bonding pads (28A), respectively, 
for physically and electrically connecting the radiation sensor 
chip (1) to corresponding mounting conductors (23A). A 
diffractive optical element (21.22.23.31.32 or 34) is inte 
grated with a back surface (25) of the radiation sensor chip (1) 
to direct IR radiation toward the first temperature-sensitive 
element (7). 
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INTEGRATED INFRARED SENSORS WITH 
OPTICAL ELEMENTS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/645,267, entitled “INTEGRATED 
INFRARED SENSORS WITH OPTICAL ELEMENTS, 
AND METHODS. filed on Dec. 22, 2009, which is related to 
U.S. patent application Ser. No. 12/380,316, entitled 
“INFRARED SENSOR STRUCTURE AND METHOD, 
filed Feb.26, 2009. Each of these applications is incorporated 
herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

0002 This invention is related to the assignee's pending 
application “INFRARED SENSOR STRUCTURE AND 
METHOD” by Walter B. Meinel and Kalin V. Lazarov, Ser. 
No. 12/380,316, filed Feb. 26, 2009, and incorporated herein 
by reference. 
0003. The present invention relates generally to various 
semiconductor-processing-compatible infrared (IR) sensor 
structures and fabrication methods, and more particularly to 
improved IR radiation sensing structures and processes 
which reduce size and cost of IR sensors and which provide 
Smaller, more economical, more sensitive IR radiation inten 
sity measurements. More particularly, the invention also 
relates to improved IR radiation sensing structures and pro 
cesses which also avoid the costs and difficulties associated 
with discrete lenses as used in the closest prior art to collimate 
or shift the angle of incoming IR radiation, by integrating 
diffractive optical elements, such as Fresnel lenses or diffrac 
tion gratings, into an integrated circuit chip including an IR 
SSO. 

0004. The closest prior art is believed to include the article 
“Investigation Of Thermopile Using CMOS Compatible Pro 
cess and Front-Side Si Bulk Etching by Chen-Hsun-Du and 
Chengkuo Lee, Proceedings of SPIE Vol. 4176 (2000), pp. 
168-178, incorporated herein by reference. Infrared thermo 
pile sensor physics and measurement of IR radiation using 
thermopiles are described in detail in this reference. “Prior 
Art FIGS. 1A and 1B herein show the CMOS-processing 
compatible IR sensor integrated circuit chip in FIGS. 1 and 2. 
respectively, of the foregoing article. The closest prior art also 
is believed to include the Melexis MLX90614 “infrared ther 
mometer in a TO-39 package, generally as shown in “Prior 
Art FIG.2. Information regarding fabrication of several kinds 
of Fresnel lenses, including Fresnel Zone Plate binary lenses, 
Phase Zone Plate binary lenses, and Phase Fresnel Lenses, 
in?on silicon is disclosed in the technical article “Develop 
ment of a Deep Silicon Phase Fresnel Lens Using Gray-Scale 
Lithography and Deep Reactive Ion Etching” by Brian Mor 
gan et al., Journal of Micro-Electromechanical Systems, Vol. 
13, No. 1, February, 2004. 
0005 Referring to Prior Art FIG. 1A herein, the IR sensor 
chip includes a silicon substrate 2 having a CMOS-process 
ing-compatible dielectric (SiO) stack 3 thereon including a 
number of distinct sub-layers. A N-type polysilicon (poly 
crystalline silicon) trace 11 and an aluminum trace M1 in 
dielectric stack 3 form a first thermocouple junction where 
one end of the polysilicon trace and one end of the aluminum 
trace are connected. (A “thermocouple group', as that term is 
used herein, is formed on a group of series-connected ther 
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mocouples. A “thermopile', as the term is used herein, is 
formed of a number of thermocouple groups connected in 
series.) Additional oxide layers and additional metal traces 
also may be included in dielectric stack 3. An oxide passiva 
tion layer 12A is formed on top of dielectric stack 3, and a 
nitride passivation layer 12B is formed on oxide passivation 
layer 12A. A number of silicon etchant openings 24 extend 
through nitride passivation layer 12 and dielectric stack 3 to 
the top surface of silicon substrate 2 and are used to etch a 
cavity 4 in silicon substrate 2 underneath the portion of 
dielectric stack 3 in which the thermopile is formed, to ther 
mally isolate it from silicon substrate 2. 
0006 Prior Art FIG. 1A is taken along section line 1A-1A 
of Prior Art FIG. 1B, which is essentially similar to FIG. 2 of 
the above mentioned Du and Lee reference. Cavity 4 is etched 
underneath SiO, stack 3 by means of silicon etchant intro 
duced through the various etchant openings 24, which are 
relatively large and irregular. FIG. 1B shows various metal 
polysilicon strips MP1 each of which includes an aluminum 
strip M1 and a polysilicon strip 11 which makes electrical 
contact to the aluminum strip M1 as shown in FIG. 1B. The 
metal strips M1 run parallel to the polysilicon strips 11 and, 
except for the electrical contact between them as shown in 
FIG. 1A, are separated from polysilicon strips 11 by a sub 
layer of SiO stack 3. Although not shown in FIG. 1A, the 
dielectric material directly above metal strips M1 actually has 
corresponding steps which are indicated by reference numer 
als MP2 in FIG. 1B. The relatively large etchant openings 24 
and their various angular shapes cause the “floating mem 
brane consisting of the various metal-polysilicon strips MP1 
and the central section 3A of SiO stack 3 supported by 
metal-polysilicon strips MP1 to be very fragile. Such fragility 
ordinarily results in an unacceptably large number of device 
failures during Subsequent wafer fabrication, Subsequent 
packaging, and ultimate utilization of the IR sensor of FIGS. 
1A and 1B. 
0007. A second thermocouple group (not shown) essen 

tially similar to the one shown in FIG. 1A is also formed in 
dielectric stack 3 directly over a silicon substrate 2 and is not 
thermally isolated from silicon substrate 2 and therefore is at 
the same temperature as silicon substrate 2. The first and 
second thermocouple groups are connected in series and form 
a single “thermopile'. The various silicon etchant openings 
24 are formed in regions in which there are no polysilicon or 
aluminum traces, as shown in the dark areas in FIG. 2 of the 
Du and Lee article. 
0008 Incoming IR radiation indicated by arrows 5 in Prior 
Art FIG. 1A impinges on the “front side' or “active surface” 
of the IR sensor chip. (The “back side' of the chip is the 
bottom surface of silicon substrate 2 as it appears in Prior Art 
FIG.1.A.) The incoming IR radiation5 causes the temperature 
of the thermocouple junction supported on the “floating 
portion of dielectric membrane 3 located directly above cav 
ity 4 to be greater than the temperature of the second thermo 
couple junction (not shown) in dielectric membrane 3 which 
is not insulated by cavity 4. 
0009. Unfortunately, the floating membrane supporting 
one of the group of thermocouple junctions over the cavity as 
shown in FIG. 1 of Du and Lee (Prior Art FIG. 1A herein) is 
very fragile, because of the irregular sizes and spacings of the 
etchant openings and partly by the thinness of the dielectric 
layer 3. 
0010. The IR radiation sensor in Prior Art FIG. 1A mea 
sures the temperature difference T1-T2 and produces an out 
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put voltage proportional to that temperature difference. The 
aluminum trace and N-type polycrystalline silicon trace of 
which the first and second thermocouplejunctions are formed 
both are available in a typical standard CMOS wafer fabrica 
tion process. 
0011 FIG.3 of the Du and Lee article indicates that the IR 
sensor is mounted inside a metal package having a window 
through which ambient IR radiation passes to reach the ther 
mopile in the packaged IR sensor chip. The IR sensor chip 
described in the Du and Lee article is not believed to have ever 
been commercially available. 
0012. Above mentioned Prior Art FIG.2 shows a commer 
cially available MLX90614 IR radiation sensor marketed by 
Melexis Microelectronic Integrated Systems. This device is 
packaged in a metal TO-39 package 9 having a planar silicon 
window 10 through which impinging IR radiation can pass in 
order to reach the packaged IR sensor. 
0013 The above described prior art IR sensors require 
large, expensive packages. The foregoing prior art IR radia 
tion sensors need to block visible light while transmitting IR 
radiation to the thermopiles in order to prevent false IR radia 
tion intensity measurements due to ambient visible light. To 
accomplish this, the packages typically have a silicon (or 
other material transmitting infrared radiation but blocking 
visible light) window or a window with baffles. Furthermore, 
the “floating portion of dielectric membrane 3 over cavity 4 
in Prior Art FIG. 1A is quite fragile. In many of the prior art 
IR sensors, the silicon cavity is etched from the “back side of 
the silicon wafer. This creates a large opening span that is 
difficult to protect. 
0014. The prior art also is believed to include use of a 
discrete Fresnel lens in conjunction with an infrared sensor of 
the kind typically used in motion sensing alarms. Such 
devices include a relatively large plastic Fresnel lens, and the 
infrared sensor typically is a pyroelectric sensor which is 
substantially different than a thermopile sensor. The discreet 
Fresnel lens is used to collimate ambient IR radiation from a 
relatively large, distant Source and focus it on to a relatively 
Small IR sensor to improve its signal to noise ratio. Somewhat 
similarly to the Melexis prior art shown in FIG. 2, the com 
mercially available Omega OS36-10-K infrared thermo 
couple is packaged in a cylindrical housing along with a 
conventional classical curved lens to collimate the incoming 
infrared radiation in order to increase the thermocouple sen 
sitivity. 
00.15 Alignment of a small thermopile sensor of the kind 
shown in the above mentioned Du and Lee article or included 
in the Melexis IR thermometer with a discrete collimating 
lens is difficult and expensive because of the relatively small 
size of the thermopile membrane. The thermopile might have 
a dimension of only approximately 200 microns across, so 
misalignment of the discrete collimating lens by more than 
approximately 50 microns may result in Substantial errors in 
focusing the incoming IR radiation onto the thermopile. Fur 
thermore, if the collimating lens is located a few centimeters 
from the thermopile, tilt of more than a few degrees of the 
plane of the collimating lens with respect to the plane of the 
thermopile will cause the focal point to be substantially mis 
aligned with the thermopile. The degree of precision align 
ment typically needed is achievable but quite costly using 
conventional alignment methods. 
0016. It would be highly desirable to provide smaller, 
more economical, more sensitive, and more robust IR sensors 
than are known in the prior art for various applications such as 
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non-contact measurement of temperature and remote mea 
Surement of gas concentrations. 
0017 Thus, there is an unmet need for an IR radiation 
sensor which is Substantially smaller, more sensitive, and less 
expensive than the IR radiation sensors of the prior art. 
0018. There also is an unmet need for an IR radiation 
sensor which avoids the costly problems associated with the 
packaging of the prior art sensors and the alignment of dis 
crete diffractive optical elements with thermopiles, thermo 
couple groups, or even individual thermocouples of the sen 
SOS. 

0019. There also is an unmet need for a low cost IR radia 
tion sensor having a response which is sensitive to the wave 
length of incoming IR radiation. 
0020. There also is an unmet need for a low-cost IR radia 
tion sensor which is substantially smaller and more sensitive 
than the IR radiation sensors of the prior art, wherein the 
IR-radiation-sensitive elements are composed of thermo 
couples. 
0021. There also is an unmet need for a low-cost IR radia 
tion sensor which is substantially smaller and more sensitive 
than the IR radiation sensors of the prior art, wherein the 
IR-radiation-sensitive elements are composed of tempera 
ture-sensitive resistive elements. 
0022. There also is an unmet need for a more accurate IR 
radiation sensor than has been found in the prior art. 
0023 There also is an unmet need for an IR radiation 
sensor which provides more sensitive, more accurate mea 
surement of IR radiation than the IR radiation sensors of the 
prior art. 
0024. There also is an unmet need for a CMOS-process 
ing-compatible IR radiation sensor chip which does not need 
to be packaged in a relatively large, expensive package having 
a discrete window. 
0025. There also is an unmet need for a CMOS-process 
ing-compatible IR radiation sensor chip which is substan 
tially more robust than those of the prior art. 
0026. There also is an unmet need for an improved method 
of fabricating an infrared radiation sensor. 
0027. There also is an unmet need for an improved method 
of fabricating a CMOS-processing-compatible IR sensor 
device which does not require bonding the CMOS-process 
ing-compatible IR sensor chip in a relatively large, expensive 
package having an infrared window therein. 

SUMMARY OF THE INVENTION 

0028. It is an object of the invention to provide an IR 
radiation sensor which is substantially Smaller and less 
expensive than the IR radiation sensors of the prior art. 
0029. It is another object of the invention to provide a more 
accurate IR radiation sensor than has been found in the prior 
art. 

0030. It is another object of the invention to provide a low 
cost IR radiation sensor having a response which is sensitive 
to the wavelength of incoming IR radiation. 
0031. It is another object of the invention to provide a 
low-cost IR radiation sensor which is substantially smaller 
and more sensitive than the IR radiation sensors of the prior 
art, wherein the IR-radiation-sensitive elements are com 
posed of thermocouples. 
0032. It is another object of the invention to provide a 
low-cost IR radiation sensor which is substantially smaller 
and more sensitive than the IR radiation sensors of the prior 
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art, wherein the IR-radiation-sensitive elements are com 
posed of temperature-sensitive resistive elements. 
0033. It is another object of the invention to provide an IR 
radiation sensor which avoids the costly problems associated 
with the packaging of the prior art sensors and the alignment 
of discrete diffractive optical elements with thermopiles, ther 
mocouple groups, or even individual thermocouples of the 
SSOS. 

0034. It is another object of the invention to provide an IR 
radiation sensor which provides more sensitive, more accu 
rate measurement of IR radiation than the IR radiation sen 
sors of the prior art. 
0035. It is another object of the invention to provide an IR 
radiation sensor chip which does not need to be packaged in 
a relatively large, expensive package having an infrared win 
dow. 
0036. It is another object of the invention to provide an IR 
radiation sensor chip which is Substantially more robust than 
those of the prior art. 
0037. It is another object of the invention to provide an 
improved method of fabricating an infrared radiation sensor. 
0038. It is another object of the invention to provide an 
improved method of fabricating a CMOS-processing-com 
patible IR sensor device which does not require packaging the 
CMOS-processing-compatible IR sensor chip in a relatively 
large, expensive package having a window therein. 
0039. It is another object of the invention to provide an 
improved method of fabricating an IR sensor device which is 
more robust than those of the prior art. 
0040 Briefly described, and in accordance with one 
embodiment, the present invention provides an infrared (IR) 
radiation sensor device (27) which includes an integrated 
circuit radiation sensor chip (1A) including first (7) and sec 
ond (8) temperature-sensitive elements connected within a 
dielectric stack (3) of the chip, the first temperature-sensitive 
element (7) being more thermally insulated from a substrate 
(2) than the second temperature-sensitive element (8). Bond 
ing pads (28A) on the chip (1) are coupled indirectly or 
directly to one or both the first and second temperature 
sensitive elements. Bump conductors (28) are bonded to the 
bonding pads (28A), respectively, for physically and electri 
cally connecting the radiation sensor chip (1) to correspond 
ing mounting conductors (23A). A diffractive optical element 
(21.22.23.31.32 or 33) is integrated in or on a back surface 
(25) of the radiation sensor chip (1) to direct IR radiation 
toward the first temperature-sensitive element (7). In the 
described embodiments, concentric regions of the Fresnel 
lens (21.22 or 23) are circular. 
0041. In one embodiment, the invention provides an infra 
red (IR) radiation sensor device (27) including an integrated 
circuit radiation sensor chip (1 or 1A) including first (7 in 
FIG.3 or R2 in FIGS. 12-14) and second (8 in FIG.3 or R4 in 
FIGS. 12-14) temperature-sensitive elements connected 
within a dielectric stack (3) of the radiation sensor chip (1), 
the first temperature-sensitive element (7 or R2) being more 
thermally insulated from a substrate (2) of the radiation sen 
sor chip (1) than the second temperature-sensitive element (8 
or R4). A plurality of bonding pads (28A) on the radiation 
sensor chip (1) are coupled to the first (7 or R2) and second (8 
or R4) temperature-sensitive elements. A plurality of bump 
conductors (28) are bonded to the bonding pads (28A), 
respectively, for physically and electrically connecting the 
radiation sensor chip (1) to corresponding mounting conduc 
tors (23A), respectively. A diffractive optical element (21.22. 
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23.31.32 or 33) is integrated on or in a back surface (25) of the 
radiation sensor chip (1). In the described embodiments, the 
first temperature-sensitive element (7 or R2) is insulated from 
the substrate (2) by means of a cavity (4) between the sub 
strate (2) and the dielectric stack (3). 
0042. In one embodiment, the diffractive optical element 
includes a Fresnel lens (21.22, or 23) focused on a portion of 
the dielectric layer (3) bounding the cavity (4). In one 
embodiment, the Fresnel lens is a binary Fresnel lens (21) 
formed of concentric regions etched into the back surface (25) 
of the radiation sensor chip (1A). In another embodiment, the 
Fresnellens is a binary Fresnellens (22) formed of concentric 
rings of infrared-opaque material deposited on the back Sur 
face (25) of the radiation sensor chip (1A). 
0043. In yet another embodiment, the diffractive optical 
element includes a diffraction grating (33) formed of a plu 
rality of elongated parallel rectangular regions (33A) etched 
into the back surface (25) of the radiation sensor chip (1A). 
0044. In one embodiment, the first (7) and second (8) 
temperature-sensitive elements include first (7) and second 
(8) thermocouple groups, respectively, connected in series to 
formathermopile (7.8), and wherein the dielectric stack (3) is 
a semiconductor process dielectric stack including a plurality 
of SiO sublayers (3-1,2... 6) and various polysilicontraces, 
titanium nitride traces, tungsten contacts, and aluminum met 
allization traces between the various sublayers patterned to 
provide the first (7) and second (8) thermocouple groups 
connected in series to form the thermopile (7.8). CMOS cir 
cuitry (45) is coupled between first (+) and second (-) termi 
nals of the thermopile (7.8) to receive and operate upon a 
thermoelectric voltage (Vout) generated by the thermopile 
(7.8) in response to infrared (IR) radiation received by the 
radiation sensor chip (1 or 1A), the CMOS circuitry also 
being coupled to the bonding pads (28A). 
0045. In the described embodiments, the substrate (2) is 
composed of silicon to pass infrared radiation to the thermo 
pile (7.8) and block visible radiation. A passivation layer (12) 
is disposed on the dielectric stack (3), a plurality of generally 
circular etchant openings (24) being located between the 
various traces and extending through the passivation layer 
(12) and the dielectric layer (3) to the cavity (4) for introduc 
ing silicon etchant to produce the cavity (4) by etching the 
silicon substrate (2). 
0046. In one embodiment, the first (R2) and second (R4) 
temperature-sensitive elements include first (R2) and second 
(R4) resistive devices, respectively. 
0047. In one embodiment, the invention provides a 
method for making a radiation sensor device (27), including 
providing first (7 in FIG.3 or R2 in FIGS. 12-14) and second 
(8 in FIG. 3 or R4 in FIGS. 12-14) temperature-sensitive 
elements connected in a dielectric stack (3) of a radiation 
sensor chip (1A), thermally insulating the first temperature 
sensitive element (7 or R2) from a substrate (2) of the radia 
tion sensor chip (1), forming a plurality of bonding pads 
(28A) on the radiation sensor chip (1), the bonding pads 
(28A) being coupled to the first (7 or R2) and second (8 or R4) 
temperature-sensitive elements, bonding the bonding pads 
(28A) to a plurality of corresponding mounting conductors 
(23A), respectively, and integrating a diffractive optical ele 
ment (21.22.23.31.32 or 33) on a back surface (20) of the 
radiation sensor chip (1). In the described embodiments, the 
first temperature-sensitive element (7 or R2) are insulated 
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from the substrate (2) by etching a cavity (4) in the substrate 
(2) between the first temperature-sensitive element (7 or R2) 
and the substrate (2). 
0048. In one embodiment, a Fresnel lens (21.22, or 23) is 
formed on a back surface (25) of the radiation sensor chip (1) 
so that the Fresnel lens is focused on a portion of the dielectric 
layer (3) bounding the cavity (4). In another embodiment, a 
diffraction grating (33) is formed on a back surface (25) of the 
radiation sensor chip (1) so that the diffraction grating directs 
infrared radiation to the first temperature-sensitive element (7 
or R2). In one embodiment, a Fresnel lens is formed as a 
binary Fresnel lens (21) by etching a plurality of concentric 
regions into the back surface (25) of the radiation sensor chip 
(1A). 
0049. In one embodiment, the invention provides an infra 
red radiation sensor device (27), including a radiation sensor 
chip (1 or 1A) including first (7 in FIG. 3 or R2 in FIGS. 
12-14) and second (8 in FIG. 3 or R4 in FIGS. 12-14) tem 
perature-sensitive elements connected in a dielectric stack (3) 
of a radiation sensor chip (1A), means (4) for thermally 
insulating the first temperature-sensitive element (7 or R2) 
from a substrate (2) of the radiation sensor chip (1), bump 
conductor means (28) bonded to a plurality of bonding pads 
(28A) coupled to the thermopile (7.8), respectively, for physi 
cally and electrically connecting the radiation sensor chip (1) 
to corresponding mounting conductors (23A), and diffractive 
optical means (21.22.23.31.32 or 33) integrated in or on a 
back surface (25) of the radiation sensor chip (1) for directing 
incoming infrared radiation to a portion of the dielectric stack 
(3) bounding the thermally insulating means (4). 
0050. The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention in 
order that the detailed description of the invention that fol 
lows may be better understood. Additional features and 
advantages of the invention will be described hereinafter 
which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the 
conception and the specific embodiment disclosed may be 
readily utilized as a basis for modifying or designing other 
structures for carrying out the same purposes of the present 
invention. It should also be realized by those skilled in the art 
that Such equivalent constructions do not depart from the 
spirit and scope of the invention as set forth in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0051. For a more complete understanding of the present 
invention, and the advantages thereof, reference is now made 
to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 
0052 FIG. 1A is a section view diagram of a prior art IR 
radiation detector thermopile Supported in a membrane 
formed in a CMOS-processing-compatible process; 
0053 FIG. 1B is a top perspective view of the prior art IR 
radiation detector shown in FIG. 1A: 
0054 FIG. 2 is a diagram of a prior art infrared detector in 
a cylindrical metal package having a window at one end to 
focus incoming infrared radiation on a thermopile; 
0055 FIG. 3 is a section view of a CMOS-processing 
compatible IR sensor thermocouple chip including a silicon 
Fresnel lens pattern etched in the back surface of the chip in 
accordance with the present invention; 
0056 FIG. 4 shows a plan view of the Fresnel lens shown 
in FIG. 3; 
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0057 FIG. 5 is a schematic section view diagram of the 
CMOS-processing-compatible IR sensor of FIG. 3 imple 
mented in a Wafer Chip Scale Package (WCSP): 
0.058 FIG. 6 is a section view of a CMOS-processing 
compatible IR sensor thermocouple chip including a Fresnel 
lens formed of metallization deposited on the back surface of 
the silicon chip; 
0059 FIG. 7 is a section view of a CMOS-processing 
compatible IR sensor thermocouple chip including a Fresnel 
lens pattern etched in the silicon of the back surface of the 
chip in accordance with the present invention; 
0060 FIG. 8 is a section view of a CMOS-processing 
compatible IR sensor thermocouple chip including a conven 
tional curved lens etched in the silicon of the back surface of 
the chip; 
0061 FIG. 9 is a section view of a CMOS-processing 
compatible IR sensor thermocouple chip including a conven 
tional curved lens composed of a clear, hardened epoxy dome 
lens initially deposited in which would form on the back 
surface of the chip; 
0062 FIG. 10 is a section view of a CMOS-processing 
compatible IR sensor thermocouple chip including a diffrac 
tion grating pattern etched in the back Surface of the chip in 
accordance with the present invention; 
0063 FIG. 11 is a section view which illustrates typical 
minimum dimensions, in microns, of various features of cav 
ity 4 and the etchant openings extending through the floating 
membrane portion of dielectric layer 3: 
0064 FIG. 12 is a section view of a CMOS-processing 
compatible IR sensor chip similar to FIG. 3 but including 
temperature-sensitive resistors rather than thermocouples; 
0065 FIG. 13 is a plan view illustrating multiple tempera 
ture-sensitive resistors, including temperature sensitive resis 
tor 13, connected to form a resistive bridge circuit in FIG. 12. 
0.066 FIG. 14 is a schematic diagram illustrating the resis 
tors of FIG. 12 connected to form a bridge circuit connected 
to associated amplifier circuitry included in CMOS circuitry 
45 of FIG. 12. 

DETAILED DESCRIPTION 

0067 Refer now to the drawings wherein depicted ele 
ments are, for the sake of clarity, not necessarily shown to 
scale and wherein like or similar elements are designated by 
the same reference numeral through the several views. 
0068 FIG. 3 shows a detailed cross-section of an inte 
grated circuit IR sensor chip 1A which includes silicon sub 
strate 2 and cavity 4 therein, generally as shown in FIG. 5 
except that chip 1 as shown in FIG. 5 is inverted. Silicon 
substrate 2 includes a thin layer (not shown) of epitaxial 
silicon into which cavity 4 is etched, and also includes the 
silicon wafer Substrate on which the original epitaxial silicon 
layer is grown. IR sensor chip 1 includes SiO stack 3 formed 
on the upper surface of silicon substrate 2. SiO stack 3 
includes multiple oxide layers 3-1.2 . . . 6 as required to 
facilitate fabrication within SiO stack 3 of N-doped polysili 
con layer 13, titanium nitride layer 15, tungsten contact layers 
14-1, 14-2, 15-1, 15-2, and 17, first aluminum metallization 
layer M1, second aluminum metallization layer M2, third 
aluminum metallization layer M3, and various elements of 
CMOS circuitry in block 45. (Note however, that in some 
cases it may be economic and/or practical to provide only 
thermopile 7.8 (or even a single thermocouple) on IR sensor 
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chip 1 and provide all signal amplification, filtering, and/or 
digital or mixed signal processing on a separate chip or 
chips.) 
0069. The various layers shown in dielectric stack 3, 
including polysilicon layer 13, titanium nitride layer 15, alu 
minum first metallization layer M1, aluminum second met 
allization layer M2, and aluminum third metallization layer 
M3 each are formed on a corresponding oxide sub-layer of 
dielectric stack3. Thermopile 7.8 thus is formed within SiO, 
stack 3. Cavity 4 in silicon substrate 2 is located directly 
beneath thermocouple group 7, and therefore thermally insu 
lates thermocouple group 7 from silicon substrate 2. However 
thermocouple group 8 is located directly adjacent to silicon 
Substrate 2 and therefore is at essentially the same tempera 
ture as silicon Substrate 2. A relatively long, narrow polysili 
contrace 13 is disposed on a SiO, sub-layer 3-1 of dielectric 
stack 3 and extends between tungsten contact 14-2 (in ther 
mocouple group 7) and tungsten contact 14-1 (in thermo 
couple group 8). Titanium nitride trace 15 extends between 
tungsten contact 15-1 (in thermocouple group 8) and tungsten 
contact 15-2 (in thermocouple group 7). Thus, polysilicon 
trace 13 and titanium nitride trace 15 both function as parts of 
thermopile 7.8. Thermopile 7.8 is referred to as a poly/tita 
nium-nitride thermopile, since the Seebeck coefficients of the 
various aluminum traces cancel and the Seebeck coefficients 
of the various tungsten contacts 14-1, 14-2, 15-2, and 17 also 
cancel because the temperature difference across the various 
connections is essentially equal to Zero. 
0070 The right end of polysilicon layer 13 is connected to 
the right end of titanium nitride trace 15 by means oftungsten 
contact 14-2, aluminum trace 16-3, and tungsten contact 15-2 
so as to form “hot” thermocouple group 7. Similarly, the left 
end of polysilicon layer 13 is connected by tungsten contact 
14-1 to aluminum trace 11B and the left end of titanium 
nitride trace 15 is coupled by tungsten contact 15-1, alumi 
num trace 16-2, and tungsten contact 17 to aluminum trace 
11A, so as to thereby form “cold thermocouple group 8. The 
series-connected combination of the two thermocouple 
groups 7 and 8 forms thermopile 7.8. 
0071 Aluminum metallization interconnect layers M1, 
M2, and M3 are formed on the SiO, sub-layers 3-3, 3-4, and 
3-5, respectively, of dielectric stack 3. A conventional silicon 
nitride passivation layer 12 is formed on another oxide sub 
layer 3-6 of dielectric layer 3. A number of relatively small 
diameter etchant holes 24 extend from the top of passivation 
layer 12 through dielectric stack 3 into cavity 4, between the 
various patterned metallization (M1, M2 and M3), titanium 
nitride, and polysilicon traces which form thermocouple 
groups 7 and 8. AS Subsequently explained, silicon etchant is 
introduced through etchant holes 24 to etch cavity 4 into the 
upper surface of silicon substrate 2. Note that providing the 
etchant openings 24 is not conventional in standard CMOS 
processing or bipolar integrated circuit processing, nor is the 
foregoing silicon etching used in this manner in standard 
CMOS processing or bipolar integrated circuit processing. 
0072 The small diameters of etchant holes 24 are selected 
in order to provide a more robust floating thermopile mem 
brane, and hence a more robust IR radiation sensor. The 
diameters of the etchant hole openings 24 can vary from 10 
microns to 30 microns with a spacing ratio of 3:1 maximum to 
1:1. The spacings between the various etchant openings 24 
can be in a range from approximately 10 to 60 microns. The 
Smaller spacing ratio (i.e., the distance between the edges of 
the holes divided by the diameter of the holes) has the disad 
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Vantage that it results in lower total thermopile responsivity, 
due to the packing factor (the number of thermocouple groups 
per square millimeter of Surface area) of the many thermo 
couple groups (see FIGS. 6, 7A and 7B) of which each of 
thermocouple groups 7 and 8 actually is composed. However, 
a smaller spacing ratio results in a substantially faster silicon 
etching time. Therefore, there is a trade-off between the 
robustness of the membrane and the cost of etching of cavity 
4. (FIG. 11 illustrates minimum dimensions, in microns, of 
the various features of cavity 4 and the “floating membrane 
portion of dielectric layer 3 which supports thermocouple 
group 7 above cavity 4, for an embodiment of the invention 
presently under development. In that embodiment the etchant 
openings are at least 10 microns (Lm) in diameter and are 
spaced at least approximately 10um apart. The span of cavity 
4 is typically 400 um, and its depth is at least 10 Lum.) 
(0073. Referring back to FIG. 3, a roll-on epoxy film 34 
may be provided on nitride passivation layer 12 to perma 
nently seal the upperends of etch openings 24 and to reinforce 
the “floating membrane' portion of dielectric layer 3. 
Although there may be some applications of the invention 
which do not require epoxy cover plate 34, the use of epoxy 
cover plate 34 may be an important aspect of providing a 
reliable WCSP package configuration of the IR sensors of the 
present invention. For example, epoxy cover plate 34 may be 
Substantially thicker (e.g., roughly 16 microns) than the entire 
thickness (e.g., roughly 6 microns) of dielectric stack 3. 
0074 The back surface 25 of silicon substrate 2 receives 
IR radiation 5 and passes it through chip 1A to SiO stack 3 
while filtering out any ambient visible light. Thermocouple 
group 7 is thermally insulated, by cavity 4, from silicon 
substrate 2. Thermocouple group 8 is formed by dissimilar 
materials within dielectric stack 3 directly adjacent to silicon 
Substrate 2. The portion of SiO2 stack 3 spanning the opening 
of cavity 4 forms a thin “floating membrane which supports 
thermocouple group 7. IR radiation impinges uniformly on 
the back surface 25 of silicon substrate 2, differentially heat 
ing thermocouple groups 7 and 8. This results in the tempera 
ture T1 of thermocouple group 7 and the temperature T2 of 
thermocouple group 8 being different because of the insula 
tive or thermal resistance properties of cavity 4. The thermo 
electric output voltage difference Vout between thermopile 
terminals 11A and 11B in FIG.3 is generally indicated by the 
simplified expression 

where T1-T2 is the temperature difference between the two 
thermocouple groups 7 and 8, and where S1 and S2 are the 
Seebeck coefficients of thermopile 7.8. 
0075. The differential voltage Vout generated between (-) 
conductor 11B and (+) conductor 11A can be applied to the 
input of the CMOS circuitry in block 45. Block 45 can include 
gain/filter amplifier and various “mixed signal circuitry 45B 
as shown in FIG. 9A of above mentioned pending patent 
application Ser. No. 12/380,316. 
(0076 Still referring to FIG. 3, in accordance with one 
embodiment of the present invention a “digital’ Fresnel lens 
21 is formed on the back surface of silicon chip 1A by etching 
a circular pattern into back surface 25, directly below cavity 4 
and thermocouple group 7. Fresnel lens 21 includes a cylin 
drical center region 21-1 etched a precise distance, corre 
sponding to the wavelength range of incoming IR radiation 5 
impinging on back Surface 25 of silicon layer 2. A Suitable 
number (typically 100 or more) of cylindrical regions 21-2, 
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21-3... 21-5 of the same depth as region 21-1 concentric with 
center region 21-1 also are etched into the back surface 25 as 
shown. One skilled in the art can readily provide the depths, 
widths, and pitches of the etched regions. For example, for a 
Phase Zone Plate (see FIG. 1(b) in the previously mentioned 
Brian Morgan et al. reference), if the IR wavelength w is 10.6 
microns (i.e., room temperature infrared), and the refractive 
material is silicon with its index of refraction of n=3.4, the 
depth of the etched regions is w/(2*n)=1.56 um. Current 
DRIE (deep reactive ion etching) processes are capable of 
cutting through the entire wafer (i.e., providing an etch depth 
of approximately 300 microns) with aspect ratio of 10 or 
more. For a lens focal length of 300 microns, the radius of the 
central Fresnel Zone (the centered circle in the FIG. 4) would 
be 30 microns. The width and pitch of the etched rings 
decreases towards the outer edge of the Fresnel lens, and, for 
example, the width of the 10th ring may be 5 microns, and the 
width of the 100th ring may be reduced to 2 microns. The 
practical limit depends on the etching process being used. For 
a Fresnel Zone Plate (metal masking), the widths and pitch of 
the deposited rings will be exactly the same as for the fore 
going etched rings. 
0077 FIG. 4 shows a plan view of Fresnel lens 21 etched 
in back surface 25 in FIG. 3. Dashed-line arrows 38 illustrate 
how IR radiation 5 is focused generally onto the central 
bottom portion of SiO stack 3 bounding cavity 4. (Note that 
the Fresnel lens pattern is not necessarily circular; a different 
pattern might be chosen to optimize differential heating of the 
two thermocouple groups 7 and 8 which form thermopile 7.8. 
In any case, the term "concentric' as used herein applies to 
“parallel rings forming a Fresnel lens, whether circular, 
elliptical, or some other shape.) 
0078 Fresnel lens 21 in FIG. 3 is etched into back surface 
25 of silicon layer 2 of chip 1A using conventional photoli 
thography and silicon etching, e.g., deep-reactive ion etching 
(DRIE). Silicon is transparent to infrared radiation, so an 
infrared camera that “looks' through silicon chip 1A can see 
an image of for example, an alignment cross previously 
formed on the opposite surface of silicon chip 1A. This allows 
precise alignment of a photolithography mask on back Sur 
face 25 of chip 1A with respect to the cross. The alignment 
mask on back surface 25 can be used to etchor otherwise form 
Fresnel lens 21 on back surface 25 in precise alignment with 
cavity 4 to within an accuracy of a few microns. Fresnel lens 
21 therefore can be integrated on back surface 25 in precise 
alignment with features of cavity 4 and thermocouple group 
7, at low additional cost. 
007.9 Typically, each feature of Fresnel lens 21 is approxi 
mately half of the IR radiation wavelength. Imagine a Fresnel 
lens having a diameter of about 500 microns. Half of a wave 
length is about 4 microns. The cavities 4 of the prior art IR 
sensor chips are etched from the back surface of the integrated 
circuit chip, and that eliminates the possibility of forming a 
Fresnel lens on the back of the chip. 
0080 Use of “binary diffractive optical elements may be 
beneficial if it is desired to perform a differential infrared 
measurement and to differentiate wavelength. 
0081 FIG. 5 shows a partial section view including an IR 
sensor device 27 which includes above described IR sensor 
chip 1A inverted and to provide chip 1 as part of a modified 
WCSP (Wafer Chip Scale Package), wherein various solder 
bumps 28 are bonded to corresponding specialized solder 
bump bonding pads 28A on IR sensor chip 1. The modified 
WCSP technique indicated in FIG. 5 does not include any 
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encapsulation material on the top Surface of IR sensor chip 1. 
in order to avoid blocking the incident IR radiation 5. The 
various solder bumps 28 are also bonded to corresponding 
traces 23A on a circuitboard 23 or other insulative surface. As 
described with reference to FIG. 3, Fresnel lens 21 in FIG. 5 
focuses the incoming radiation onto thermocouple group 7 
adjacent to cavity 4, as indicated by focused beam 38. 
I0082 FIG. 6 shows integrated circuit IR sensor chip 1A in 
accordance with another embodiment of the present invention 
wherein “digital' or “binary' Fresnel lens 22 is formed on 
back surface 25 of silicon chip 1A by depositing a circular, 
concentric metallization pattern on back surface 25 of silicon 
layer 2, directly below cavity 4 and thermocouple group 7. 
Fresnel lens 22 includes a cylindrical center region 22-1 
deposited on back Surface 25, corresponding to the wave 
length range of incoming IR radiation5. A suitable number of 
cylindrical regions 22-2, 22-3 . . .22-5 concentric with center 
region 22-1 also are deposited on back surface 25 of silicon 
layer 2. In this embodiment, a portion of ambient IR radiation 
5 which introduces no phase shift passes through Fresnel lens 
22, and the remaining portion of ambient IR radiation 5 is 
blocked. Although only half the incoming IR energy is passed 
through Fresnel lens 22 and focused as indicated by focused 
beam 38, it usually is sufficient because the incoming IR 
radiation 5 can be focused from an area significantly larger 
than the area of the thermopile sensor. For example, if the 
focusing efficiency of the Fresnel Zone plate (using metalli 
zation) is only 10%, but the area of the Fresnel lens is 100 
times larger than the sensor membrane, then the total optical 
gain is 10. 
I0083 FIG. 7 shows integrated circuit IR sensor chip 1A in 
accordance with another embodiment of the present invention 
wherein a conventional (i.e., non-binary) Fresnel lens 23 is 
etched into the back surface of silicon chip 1A by means of 
conventional gray-scale etching to form a circular pattern into 
back surface 25 of silicon layer 2 directly below cavity 4 and 
thermocouple group 7. Fresnel lens 23 includes a semi 
spherical center region Surrounded by a plurality of semi 
spherical regions concentric with the center section. This 
embodiment of the invention may be useful if there is a broad 
spectrum of incoming radiation. 
I0084 FIG. 8 shows integrated circuit IR sensor chip 1A in 
accordance with yet another embodiment of the present 
invention whereina conventional curved lens31 is etched into 
the back surface of silicon chip 1A. This embodiment of the 
invention may be practical in Some cases. 
I0085 FIG.9 shows integrated circuit IR sensor chip 1A in 
accordance with yet another embodiment of the present 
invention whereina conventional curved lens 33 is formed on 
back surface 25 of silicon chip 1A by placing liquid with a 
high index of refraction, Such as epoxy, on back Surface 25 
and allowing it to solidify to provide a curved, generally 
semi-spherical lens. (They use of clear epoxy as a lens is 
common in light emitting diodes (LEDs.) 
I0086 FIG. 10 shows integrated circuit IR sensor chip 1A 
in accordance with still another embodiment of the present 
invention wherein a diffraction grating 33 is formed on the 
back surface 25 of silicon chip 1A by etching a suitable 
number of elongated rectangular regions 33A in back Surface 
25 of silicon layer 2 directly below cavity 4 and thermocouple 
group 7. Alternatively, a suitable number of rectangular met 
allization strips could be deposited on the back surface of 
silicon layer 2 directly below cavity 4 and thermocouple 
group 7 to form a similar diffraction grating. Such a diffrac 
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tion grating could be useful in various wavelength-sensitive 
applications, for example, in carbon monoxide sensors or 
other gas sensors. (Current applications of wavelength-sen 
sitive IR sensors use expensive filters that utilize materials of 
alternate or different indexes of refraction or thicknesses, and 
are very expensive.) 
I0087 FIG. 12 is a section view of a CMOS-processing 
compatible IR sensor chip similar to FIG. 3 but including 
temperature-sensitive resistors rather than thermocouple 
groups 7 and 8 of FIG. 3. In FIG. 3, thermocouple groups 7 
and 8 are omitted, and instead a resistive layer 13A, which 
forms a thermally isolated resistor R2 above cavity 4, is 
connected between aluminum conductors 11A and 11B. As in 
FIG.3, SiO, stack 3 in FIG. 12 includes multiple oxide layers 
3-1,2... 6 as required to facilitate fabrication, within SiO, 
stack 3, of resistor R2, tungsten contact layers 14-1, 14-2, and 
14-3, first aluminum metallization layer M1, second alumi 
num metallization layer M2, third aluminum metallization 
layer M3, and various elements of CMOS circuitry in block 
45. Resistive layer 13A on the portion of SiO layer 13-1 
directly over cavity 4 can be formed of any suitable tempera 
ture-sensitive resistive material. Such as N-doped polycrys 
talline silicon. Cavity 4 therefore thermally insulates resistor 
R2 from silicon substrate 2. 

I0088 FIG. 13 is a plan view that shows the layout of four 
identical resistors including the above mentioned tempera 
ture-sensitive resistor R2 and also resistors R1, R3 and R4, 
connected to form a resistive bridge circuit. As mentioned 
above, resistor R2 is formed on membrane region3A directly 
over cavity 4. Resistors R1, R3 and R4 are not shown in FIG. 
12, but are formed directly on a portion of SiO, layer 3-1 in 
CMOS circuitry 45 directly over silicon substrate 2 and hence 
are not thermally insulated from substrate 2. FIG. 14 shows 
the 4 resistors R1-R4 connected to form the bridge circuit, 
which is connected to associated amplifiercircuitry 50. Resis 
tors R1 and R2 are coupled between V, and ground, the 
junction between them being connected by conductor 11A to 
apply a Voltage Vout+ to an input of a conventional instru 
mentation amplifier 50 which produces an output voltage 
Vout on an output conductor 51. Resistors R3 and R4 also are 
coupled between V, and ground, the junction between them 
being connected by conductor 11B to apply a Voltage Vout- to 
another input of amplifier 50. Amplifier 50 is coupled to gain 
resistor R. Amplifier 50, gain resistor R, and resistors R1, 
R3, and R4 all are included in CMOS circuitry 45 of FIG. 12. 
Differential heating of thermally isolated resistor R2 relative 
to the heating of the other three resistors generates a small 
differential voltage between conductors 11A and 11C which 
then is amplified to produce Vout. 
0089. The use of bridge circuitry as described above 
increases the sensitivity of the IR sensor chip of FIG. 12. 
Specifically, the incoming IR radiation 12 heats up the “float 
ing” portion 3A of SiO, membrane 3 and therefore changes 
the resistance R2, thereby generating the small differential 
voltage Vout+ minus Vout- between conductors 11A and 
11C, which is further amplified by amplifier 50 to produce 
Vout. 

0090. The basic structure of the embodiment of the inven 
tion shown in FIGS. 12-14 is very similar to the structure of 
the previously described embodiments which include ther 
mocouples. The resulting DC value can be “chopped using a 
mechanical shutter. The mechanical shutter would be located 
in the path of the incoming IR radiation, for the purpose of 
removing the offsets when the IR radiation is not present. For 
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example, if the chopper blocks the IR radiation, the offset of 
the system can be measured and then the same number Sub 
tracted from the output when the IR heats the membrane. The 
resulting very Small resistance changes due to changes in the 
temperature of resistor R2 are directly proportional to the 
power of the incoming IR radiation. This allows detection of 
a very broad spectrum of infrared radiation, because all 
incoming energy that produces heat can be captured. (This is 
in contrast to photodiodes that are sensitive to a narrow spec 
trum determined by their bandgap voltage.) The results of the 
IR radiation detection allow the temperature of the remote IR 
radiation Source to be accurately computed in basically the 
same manner as for the previously described embodiments 
including thermopiles 7 and 8. 
0091 Thus, the invention provides an infrared sensor chip 
integrated into and forming a part of a package, thereby 
eliminating the need for a package having a window. The 
sensitivity of the sensor chip is greatly improved by providing 
an optical element, such as a Fresnel lens, formed directly 
on/in a back surface of the chip. This avoids the need for using 
expensive external infrared optics. In a described embodi 
ment, the back side of the silicon sensor die utilized as part of 
a wafer scale chip package (WCSP) forms a window for IR 
radiation and functions as a visible light filter. The integration 
and precise self-alignment achievable by conventional pho 
tolithography allows the creation of the Fresnel lens in?on the 
silicon chip Surface to collimate the beam and focus it on to 
the thermocouple group and thereby increase the sensorsen 
sitivity, thereby integrating the lens, silicon sensor chip, and 
package at very low cost. The increase in sensitivity and the 
shaping of the field of view of the sensor makes it more 
suitable for measurement of the temperature of remote 
objects. The invention achieves very low cost by providing 
previously un-achieved very precise alignment of features on 
the front surface of the wafer with optical element features on 
the back surface of the wafer. 

0092. Having thus described the present invention by ref 
erence to certain of its preferred embodiments, it is noted that 
the embodiments disclosed are illustrative rather than limit 
ing in nature and that a wide range of variations, modifica 
tions, changes, and Substitutions are contemplated in the fore 
going disclosure and, in some instances, some features of the 
present invention may be employed without a corresponding 
use of the other features. Accordingly, it is appropriate that the 
appended claims be construed broadly and in a manner con 
sistent with the scope of the invention. 
What is claimed is: 

1. An infrared (IR) radiation sensor device comprising: 
an integrated circuit radiation sensor chip including first 

and second temperature-sensitive elements in a dielec 
tric stack of the radiation sensor chip, the first tempera 
ture-sensitive element being more thermally insulated 
from a substrate of the radiation sensor chip than the 
second temperature-sensitive element; 

a plurality of bonding pads on the radiation sensor chip 
coupled to the first and second temperature-sensitive 
elements; 

a plurality of bump conductors bonded to the bonding pads, 
respectively, for physically and electrically connecting 
the radiation sensor chip to corresponding mounting 
conductors, respectively; and 

an diffractive optical element integrated with a back sur 
face of the radiation sensor chip. 
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2. The radiation sensor device of claim 1 wherein the 
optical element is a diffractive optical element, and wherein 
the first temperature-sensitive element is insulated from the 
substrate by means of a cavity between the substrate and the 
dielectric stack. 

3. The radiation sensor device of claim 2 wherein the 
diffractive optical element includes a Fresnel lens focused on 
a portion of the dielectric layer bounding the cavity. 

4. The radiation sensor device of claim 3 wherein the 
Fresnel lens is a binary Fresnel lens formed of concentric 
regions etched into the back Surface of the radiation sensor 
chip. 

5. The radiation sensor device of claim 3 wherein the 
Fresnel lens is a binary Fresnel lens formed of concentric 
rings of infrared-opaque material deposited on the back Sur 
face of the radiation sensor chip. 

6. The radiation sensor device of claim 2 wherein the 
diffractive optical element includes a diffraction grating. 

7. The radiation sensor device of claim 6 wherein the 
diffraction grating is formed of a plurality of elongated par 
allel rectangular regions etched into the back Surface of the 
radiation sensor chip. 

8. The radiation sensor device of claim3 wherein concen 
tric regions of the Fresnel lens are circular. 

9. The radiation sensor device of claim 3 wherein the 
Fresnel lens includes at least approximately 100 concentric 
regions. 

10. The radiation sensor device of claim 5 wherein the 
infrared-opaque material is composed of metal. 

11. The radiation sensor device of claim 2 wherein the first 
and second temperature-sensitive elements include first and 
second thermocouple groups, respectively, connected in 
series to formathermopile, and wherein the dielectric stack is 
a semiconductor process dielectric stack including a plurality 
of SiO, Sublayers and various polysilicon traces, titanium 
nitride traces, tungsten contacts, and aluminum metallization 
traces between the various sublayers patterned to provide the 
first and second thermocouple groups connected in series to 
form the thermopile. 

12. The radiation sensor device of claim 11 including 
CMOS circuitry coupled between first and second terminals 
of the thermopile to receive and operate on a thermoelectric 
Voltage generated by the thermopile in response to infrared 
(IR) radiation received by the radiation sensor chip, the 
CMOS circuitry also being coupled to the bonding pads. 

13. The radiation sensor device of claim 12 wherein the 
Substrate is composed of silicon to pass infrared radiation to 
the thermopile and block visible radiation, and further includ 
ing a passivation layer disposed on the dielectric stack and a 
plurality of generally circular etchant openings located 
between the various traces and extending through the passi 
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vation layer and the dielectric layer to the cavity for introduc 
ing silicon etchant to produce the cavity by etching the silicon 
substrate. 

14. The radiation sensor device of claim 1 wherein the first 
and second temperature-sensitive elements include first and 
second resistive devices, respectively. 

15. A method for making a radiation sensor device, com 
prising: 

providing first and second temperature-sensitive elements 
connected in a dielectric stack of a radiation sensor chip, 
and thermally insulating the first temperature-sensitive 
element from a Substrate of the radiation sensor chip; 

forming a plurality of bonding pads on the radiation sensor 
chip, the bonding pads being coupled to the first and 
second temperature-sensitive elements; 

bonding the bonding pads to a plurality of corresponding 
mounting conductors, respectively; and 

integrating an optical element with a back Surface of the 
radiation sensor chip. 

16. The method of claim 14 wherein the optical element is 
a refractive optical element, the method including insulating 
the first temperature-sensitive element from the substrate by 
etching a cavity in the substrate between the first temperature 
sensitive element and the substrate. 

17. The method of claim 16 wherein step (d) includes 
forming a Fresnel lens on a back Surface of the radiation 
sensor chip so that the Fresnel lens is focused on a portion of 
the dielectric layer bounding the cavity. 

18. The method of claim 16 wherein step (d) includes 
forming a diffraction grating on a back Surface of the radia 
tion sensor chip so that the diffraction grating directs infrared 
radiation to the first temperature-sensitive element. 

19. The method of claim 17 including forming the Fresnel 
lens as a binary Fresnel lens by etching a plurality of concen 
tric regions into the back Surface of the radiation sensor chip. 

20. A infrared radiation sensor device, comprising: 
a radiation sensor chip including first and second tempera 

ture-sensitive elements connected in a dielectric Stack of 
a radiation sensor chip, and thermally insulating the first 
temperature-sensitive element from a substrate of the 
radiation sensor chip; 

means for thermally insulating the first temperature-sensi 
tive element from a substrate of the radiation sensor 
chip; 

bump conductor means bonded to a plurality of bonding 
pads coupled to the thermopile, respectively, for physi 
cally and electrically connecting the radiation sensor 
chip to corresponding mounting conductors; and 

optical means integrated with a back Surface of the radia 
tion sensor chip for directing incoming infrared radia 
tion to a portion of the dielectric stack bounding the 
thermally insulating means. 
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