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ABSTRACT 

Techniques are used to detect and identify analytes. Tech 
niques are used to fabricate and manufacture sensors to detect 
analytes. An analyte (810) is sensed by sensors (820) that 
output electrical signals in response to the analyte. The elec 
trical signals may be preprocessed (830) by ?ltering and 
ampli?cation. In one embodiment, a plurality of sensors are 
formed on a single integrated circuit. The sensors may have 
diverse compositions. 
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TECHNIQUES AND SYSTEMS FOR ANALYTE 
DETECTION 

[0001] This application is a divisional application of US. 
patent application Ser. No. 11/439,136, ?led May 24, 2006 
Which, in turn, is a divisional application of US. patent appli 
cation Ser. No. 10/280,795, ?led Oct. 24, 2002, Which also is 
a divisional application of US. patent application Ser. No. 
09/276,988, ?led Mar. 26, 1999, Which claims the bene?t of 
US. provisional application 60/092,707, ?led Jul. 14, 1998, 
and is a continuation of US. patent application Ser. No. 
09/130,775 and PCT international application PCT/US98/ 
16527, both ?led Aug. 7, 1998, and both claim the bene?t of 
US. provisional patent application Nos. 60/081,182, ?led 
Apr. 9, 1998 and 60/055,071, ?led Aug. 8, 1997, all ofWhich 
are incorporated herein by reference in their entirety for all 
purposes. 
[0002] The research carried out in this application Was sup 
ported in part by grants from the United States Army 
(#DAAG55-97-1-0187), DARPA (#DAAK60-97-K-9503), 
and the National Science Foundation (CHE 9202583). The 
US. government may have rights in any patent issuing from 
this application. 

BACKGROUND OF THE INVENTION 

[0003] The ?eld of the invention relates to sensor arrays and 
techniques for the detection of analytes, and in a speci?c 
embodiment, electronic techniques and devices for olfaction. 
[0004] Human beings have at least ?ve senses-sight, smell, 
taste, hearing, and touch. Since the earliest times, humankind 
has sought techniques and devices for enhancing and extend 
ing these senses. Many of the devices and instruments that 
have been developed to extend human perception are consid 
ered among of the most revolutionary inventions in history. 
These inventions have had a profound impact on human civi 
liZation and have led to many additional breakthroughs and 
discoveries. Just a feW of the many instruments developed to 
extend the reach of human perception include the telescope, 
microscope, stethoscope, X-rays, phonograph/radio/audio 
ampli?er, scanning electron microscope, night vision 
goggles, and many, many others. 
[0005] As Would be expected, there has been considerable 
interest in developing a device or instrument for general 
detection analytes in a ?uid, vacuum, air, or other medium. A 
speci?c instance of an analyte detector is a device for sensing 
smell or odors (i.e., analytes in air). It is Well recogniZed that 
some animals like dogs have a keener sense of smell than 
human beings. Because of their “noses,” dogs have a keener 
sense of smell than human beings. Because of their “noses,” 
dogs have been utiliZed for many tasks including, for 
example, the detection of bombs, mines, drugs, poison gases, 
and illegal contraband; dogs also aid in the search and rescue 
of humans. Devices for sensing smell Would be useful for the 
traditional applications Where animals are used, as Well as for 
a multitude of uses Where animals are impractical or inappro 
priate. 
[0006] Moreover, a device for the general detection of ana 
lytes has potentially many more applications than a speci?c 
device for detecting smells. For example, the uses for a device 
for analyte detection include the detection of chemical leaks, 
quality control in food processing, medical diagnosis and 
testing, fabrication and manufacture of commercial and 
industrial goods, pharmaceutical production, testing or evalu 
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ating any odorant or analyte in any medium (e.g., fuel, oil, 
Wine, solvents), and many other applications. An instrument 
for analyte detection Would be highly desirable in industries 
and applications such as the chemical and petrochemical 
sectors, food, fragrance, medical, automotive, military, envi 
ronmental, health and safety, and indoor air quality. There 
fore, it is desirable to develop techniques and devices for the 
detection of analytes. 
[0007] An approach for sensing smells is to use surface 
acoustic Wave (SAW) resonators. HoWever, the signal trans 
duction mechanism for SAW devices involves relatively com 
plicated electronics, and are thus someWhat costly. Further 
more, SAW devices are generally extremely sensitive to both 
mass and acustic impedance changes, and may not be suitable 
for use in all environments. 
[0008] Therefore, there is a need for techniques and sys 
tems for analyte detection, especially ones that are loW cost, 
easy to manufacture, provide rapid response, and produce 
accurate differentiation betWeen different analytes and differ 
ent concentration of the same analyte. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides techniques and a 
system for detecting and identifying analytes in ?uids. The 
present invention also provides techniques for fabricating and 
manufacturing sensors to detect analytes in ?uids. Analytes 
may include smells, tastes, vapors, odors, gases, liquids, and 
chemicals, among others. The ?uid may be liquid or gaseous 
in nature. In the present invention, an analyte is sensed by 
sensors that output electrical signals in response to the ana 
lyte. The electrical signals may be preprocessed by ?ltering 
and ampli?cation. This preprocessing may also include 
adapting the sensor and electronics to the environment in 
Which the analyte exists. The electrical signals may be further 
processed to classify and identify the analyte. 
[0010] There are many possible embodiments of an analyte 
detection system of the present invention. For example, the 
present invention may be used to implement an electronic 
olfaction system or “electronic nose.” Such a system may 
reveal the identi?cation and concentration of vapors in a 
manner similar to the mammalian olfactory system. Another 
embodiment for the analyte detection system of the present 
invention may also be used to implement a device for tasting. 
This device Would function similarly to a tongue. There are 
many other possible embodiments of the present invention, 
too numerous to name in this application. 

[0011] In one embodiment, sensors of the present invention 
are fabricated using semiconductor processing techniques 
and formed on a single integrated circuit. The integrated 
circuit or chip may contain a plurality of sensors, each at a 
sensor site. The sensor sites are formed on a substrate such as 

silicon, and may be arranged in roWs and columns. Structures 
or other means may be constructed on the substrate to con 
strain a sensor material at each sensor site. For example, the 
sensor sites may be a plurality of sensor Wells that could hold 
the sensor material. 

[0012] The sensor material applied to or formed at one 
sensor site may have a different composition from the sensor 
material at a different site. For example, each sensor in the 
analyte detection system may have a different composition 
from every other sensor. For example, the sensor material 
may consist of regions of a nonconductive organic insulating 
material and a conductive material such as carbon black; the 
composition of carbon black may vary for each sensor on the 
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chip. By providing a system of diverse sensors, each sensor 
may have a different response characteristic for a given ana 
lyte. 
[0013] The integrated circuit may also include an electrical 
connection at each sensor site to route the electrical signals 
from the sensor material to other circuitry. This circuitry may 
further process the electrical signals. The circuitry may be on 
the same chip (on-chip) With the sensors, or may be off the 
chip (off-chip) carrying the sensors, such as on a different 
integrated circuit. For example, an analyte detection system 
of the present invention may include tWo or more integrated 
circuits, making up an analyte detection chipset. 
[0014] In a speci?c embodiment of the present invention, 
electronic circuitry resides on the same integrated circuit as 
the sensor site. In particular, there is circuitry associated With 
each sensor site, and this circuitry may be formed beneath or 
interspersed With the sensor sites. 

[0015] The signals from the sensors may be further pro 
cessed by classifying the response to the analyte. For 
example, each analyte may have a particular “?ngerprint.” 
The analyte may be identi?ed based on this ?ngerprint. The 
signal processing for the identi?cation and classi?cation of 
the analyte may be performed by on-chip or off-chip circuitry. 
For example, classi?cation may be performed using a com 
puter or other instrument, among other techniques. Therefore, 
using the techniques and system of the present invention, an 
analyte may be distinguished and identi?ed. 
[0016] An aspect of the present invention is the use of an 
array of sensors to detect analytes. A further aspect of the 
present invention is the use of an integrated circuit having an 
array of sensors to detect analytes. A still further aspect of the 
present invention is the use of a semiconductor process to 
fabricate an integrated circuit having an array of sensors for 
identifying an analyte. 
[0017] In a speci?c embodiment, the present invention is an 
integrated circuit including a plurality of sensor sites formed 
on a semiconductor substrate, each sensor site for constrain 
ing the sensor material. The integrated circuit further includes 
an electrical terminal formed to measure an electrical prop 
erty of the sensor material. The electrical property may be a 
resistance, capacitance, inductance, or other electrical prop 
erty. The sensor material may be a material consisting of a 
nonconductive organic insulating material and a conductive 
material. The sensor site may be a sensor Well. 

[0018] In a further embodiment, the integrated circuit of the 
present invention includes an array of sensors for detecting 
chemical analytes, each sensor having a ?rst and second 
output terminal. There are plurality of adaptive electronic 
circuits, each circuit associated With one of the sensors and 
coupled to the ?rst and second output terminals of the asso 
ciated sensor. 

[0019] To fabricate a semiconductor structure, a plurality of 
layers are formed on a silicon substrate. A plurality of Wells is 
created in the plurality of layers. The sensor materials depos 
ited into each Well. Further, the composition of the sensor 
material in each Well may be different from the sensor mate 
rial another Well the silicon substrate. 

[0020] Other objects, features, and advantages of the 
present invention Will become apparent upon consideration of 
the folloWing detailed description and the accompanying 
draWings, in Which like reference designations represent like 
features throughout the ?gures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 shoWs a substrate With a number of analyte 
detection integrated circuits; 
[0022] FIG. 2A shoWs a more detailed diagram of one 
analyte detection integrated circuit; 
[0023] FIG. 2B shoWs a detailed vieW of a sensor Well; 
[0024] FIG. 2C shoWs an embodiment of the present inven 
tion in Which a detection chip is formed With only a single 
conducting layer; 
[0025] FIG. 3 shoWs hoW a sensor array including a collec 
tion of different sensors may be used to identify an analyte; 
[0026] FIG. 4 shoWs a cross section of a sensor Well; 
[0027] FIG. 5 shoWs a top vieW of a layout of a sensor Well; 
[0028] FIG. 6 shoWs a layout of an integrated circuit With a 
number of sensor Wells; 
[0029] FIG. 7 shoWs a top vieW of a layout for a sensor site, 
Where electronic circuitry is formed beneath the sensor site; 
[0030] FIGS. 8A through 8F shoW the different stages in a 
process of fabricating sensor site and depositing the sensor 
material; 
[0031] FIG. 9 shoWs a cross section ofan embodiment ofa 
sensor site formed by planariZing an insulator layer; 
[0032] FIG. 10 shoWs a cross section of another embodi 
ment of a sensor site; 
[0033] FIG. 11 shoWs a cross section of a further embodi 
ment of a sensor site; 
[0034] FIG. 12 shoWs an equivalent circuit diagram for the 
case of a discontinuous ?lm on top of a continuous high 
impedance ?lm; 
[0035] FIG. 13 is a block diagram of a technique for evalu 
ating or measuring the capacitance of a sensor to detect an 
analyte; 
[0036] FIG. 14 shoWs another embodiment for evaluating 
or measuring the capacitance of a sensor element; 
[0037] FIG. 15 shoWs a layout of capacitive sensor sites for 
an integrated circuit; 
[0038] FIG. 16 shoWs a unit cell; 
[0039] FIG. 17 shoWs a diagram of circuitry for reading out 
data from an array of sensors; 
[0040] FIG. 18 shoWs a diagram of an analyte detection 
system; and 
[0041] FIG. 19 shoWs a speci?c embodiment of an analyte 
detection system. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0042] The present invention provides techniques for the 
detection and identi?cation of analytes. These analytes may 
be in ?uids, Which may be liquid or gaseous in nature. The 
techniques of the present invention may also be used to pro 
vide other information about analytes, including for example, 
the concentration, classi?cation, volume, ?oW rate, direction 
of a plume trail, location of source of analyte, gradient, and 
other characteristics. For example, the techniques of the 
present invention may alloW the determination of the concen 
tration of a ?rst analyte and a second analyte in a mixture. 
[0043] A system of analyte detection of the present inven 
tion has many applications. This system may be embodied 
Within analytical instruments, handheld devices, robots, and 
many other devices and tools. For example, the system of the 
present invention may, in a speci?c implementation, reside on 
a single integrated circuit or multiple integrated circuits. 
There are hoWever many other Ways to implement a system of 
the present invention. For example, the system of the present 
invention may have components Which are relatively close in 
proximity to another, such as being resident on the same 
substrate, integrated circuit, or printed circuit (PC) board. 
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Alternatively, various components of the analyte detection 
system may also reside in different locations, and linked by a 
network or other communications link. This netWork may 
include a local-area netWork, Wide-area netWork, Wireless 
netWork, cellular phone netWork, optical netWork, the inter 
net, electrical Wire, and many others, and combinations of 
these netWorks. 

[0044] An example of a speci?c embodiment of the present 
invention is an electronic system of analyte detection. In 
particular, the electronic system of analyte detection may 
include a plurality of sensors. Further, one sensor in the plu 
rality of sensors may have a different characteristic from 
another sensor in the plurality. In an even further embodi 
ment, each sensor in the plurality of sensors may have differ 
ent characteristics from every other sensor. U.S. Pat. No. 
5,571,401 discusses sensors and sensor materials Which may 
be used in a system of the present invention, although other 
sensors and sensor materials may also be used. U.S. Pat. No. 
5,571,401 is incorporated herein by reference in its entirety 
for all purposes. 

[0045] A technology that has led to the proliferation of 
modern electronics is the integrated circuit. Integrated circuit 
technology may be used in an electronic analyte detection 
system of the present invention. HoWever, the present inven 
tion is not necessarily limited to integrated circuit technology, 
as there are many other technologies for implementing the 
present invention. For example, the system of the present 
invention may be practiced using discrete electronic compo 
nents assembled on s printed circuit board. A system of the 
present invention may be contained Within a handheld elec 
tronic device. 

[0046] Using integrated circuit technology to fabricate an 
electronic analyte detection device permits relatively loW cost 
and high volume manufacture of such devices. Integrated 
circuits are the modern marvel of today’s electronic and infor 
mation age. Commonly referred to as “chips,” integrated cir 
cuits are miniaturized electronic circuits fabricated on silicon 
substrates. Chips are commonplace in the electronics market, 
and are the building blocks for a vast number of electronic 
products used in many industries. Products using integrated 
circuits include computers, computer peripherals, consumer 
electronics, telecommunications and netWorking equipment, 
and many others. 

[0047] A system of the present invention may be manufac 
tured using integrated circuit technology. HoWever, the 
present invention is not necessarily limited to implementa 
tions using integrated circuit technology; other technologies 
may also be used. The present invention is also not limited to 
electronic olfaction since a system according to the present 
invention may be used to detect, identify, and classify ana 
lytes in a variety of mediums and environments. 

[0048] FIG. 1 shoWs an implementation of the present 
invention using integrated circuit technology. A substrate or 
Wafer 110 has a number of analyte detection chips 120. Simi 
lar to the case With integrated circuit fabrication, many ana 
lyte detection chips 120 may be formed on a single substrate. 
There may be hundreds or thousands of such chips on one 
substrate. 

[0049] The substrate may be silicon, such as single crystal 
silicon having a <1 0 0> or <1 1 1> orientation. Other mate 
rials may also be used as a substrate including, just to name a 
feW, other semiconductive materials, other materials suitable 
for the manufacture of integrated circuits, insulators, dia 
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mond, silicon (or other semiconductor material) over an insu 
lator (such as sapphire), plastic, fused substrates, and poly 
mers. 

[0050] Analyte detection chips 120 may be fabricated on 
the substrate using a semiconductor process typical of the 
integrated circuit industry. Successive layers of various mate 
rials are formed and patterned on the substrate. The layers 
may include, just to name a feW examples, diffusion (n- and 
p-type), silicon oxide, gate oxide, polysilicon, metal (includ 
ing multiple layers of metal), contact, and via. These layers 
may be formed on the substrate by deposition, groWth, ion 
implantation, sputtering, electroplating, and other tech 
niques. Photoresist may be used to pattern the features on the 
substrate. Features may be etched using dry or Wet etching 
techniques, and combinations of these in the same process. 
[0051] In one embodiment of the present invention, analyte 
detection chips are fabricated using a CMOS process tech 
nology. Many other technologies may also be used, such as 
NMOS, BiCMOS, bipolar, and others. 
[0052] Individual analyte detection chips are formed adja 
cent to other chips on the substrate. Individual chips are 
separated from each other by a scribe line 130. In many 
instances, each analyte detection chip is substantially identi 
cal to another. It is hoWever possible to manufacture different 
types or different designs of analyte detection chips on a 
Wafer. There may also be test die or structures on the Wafer to 
alloW testing and evaluation of various process parameters 
and properties of the analyte detection chips during the fab 
rication of the Wafer. Test structures may also be formed in the 
scribe lines betWeen the individual dies. 
[0053] During the manufacture of analyte detection chips, a 
sensor material is placed on the substrate. For example, this 
sensor material may be deposited, coated, or otherWise 
applied on the substrate. In one embodiment, the sensor mate 
rial is any material Which provides an electrical response to an 
analyte or odorant. For example, an electrical response may 
be quanti?ed in terms of impedance (R), inductance (L), 
capacitance (C), or other electrical changes. In an embodi 
ment, the sensor material may be a polymer. The material may 
be organic, or inorganic in other embodiments. Further, the 
sensor material may consist of regions of a nonconductive 
organic material and a conductive material. In other embodi 
ments, the sensor material may be insulating organic ?lms 
that act as capacitors, or composite ?lms that act as inductors. 
A more detailed description of some sensor materials and 
their properties is discussed in U.S. Pat. No. 5,571 ,401. HoW 
ever, the present invention is not limited to the sensor mate 
rials in Us. Pat. No. 5,571,401 since other materials may also 
be used. 
[0054] In a speci?c embodiment of the present invention, 
the sensor technology may involve a series of conductive 
polymeric composite vapor sensors. The presence of an ana 
lyte may be detected through a change in, for example, the 
electrical resistance of a chemically sensitive carbon-based 
resistor. As discussed above, changes in electrical properties 
other than resistance may also be used; these include the 
evaluation of capacitive and inductance changes. 
[0055] Further, the sensor material may be composed of 
conductor and insulator composites. This material may be 
placed on the substrate in a ?lm. The organic nonconducting 
polymer of the composite absorbs the analyte (Which may be 
a vapor). This induces a change in the electrical properties of 
the sensor material. The sensor material may also undergo 
physical changes such as sWelling. When the analyte is 
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removed, any changes in the electrical properties reverse. For 
example, the resistance, capacitance, and inductance may 
return to their original value. Any physical changes Would 
also reverse. The response of these types of sensors are revers 
ible over multiple analyte exposures as Well as reproducible 
over a large number of trials under a variety of ambient 
atmospheric conditions. Therefore, a device fabricated using 
these types of sensor materials Would have a relatively long 
service life. 
[0056] In the case of using a composite such a nonconduct 
ing polymer and carbon black, the sensor material Will be 
temperature sensitive. Whenusing temperature- sensitive sen 
sors, the sensor should be kept at a relatively constant tem 
perature to provide relatively consistent results. For example, 
a temperature such as about 5° C. above the ambient should 
provide good results. Further, extremely high temperatures, 
say, above about 100° C., should be avoided since these 
temperatures Would destroy the polymer sensor material or 
rapidly decrease its service life. For this reason, it is not 
expected that nonconducting polymer materials are to be used 
in the specialiZed environment of extreme high temperatures, 
say, from about 300° C. to about 400° C. or even higher. The 
polymer sensor materials Will be usable in the normal tem 
perature ranges from about 0° C. to about 100° C. 
[0057] Using a conductor and insulator composite for the 
sensor material permits a very broad, diverse collection of 
sensor materials. For example, any conducting element 
including carbon blacks, metallic colloids, or organic con 
ducting polymers, and combinations of these, may be used as 
the conductive phase of the sensors. Any organic material 
may be used as the insulating phase of the sensors. Further 
more, an advantage of these types of sensor materials is that 
they do not have the stability limitations of conducting 
organic polymeric materials. A conductor and insulator com 
posite also does not suffer the limitations from the types of 
substituents or restrictions on the ranges of sWelling varia 
tions that can be obtained from backbone modi?cation of 
pure organic conducting polymers. 
[0058] After processing of a substrate or Wafer is complete, 
the Wafer is tested to determine the number and location of the 
“good” die. The percentage of good die on one Wafer com 
pared to the total number of die on the Wafer is referred to as 
the “yield.” Individual analyte detection dies are separated by 
saWing along the scribe lines. The analyte detection dies are 
then packaged, and may be further tested to ensure their 
proper operation. These dies may be packaged in a variety of 
packaging material including ceramic, epoxy, plastic, glass, 
and many others. Packaged analyte detection die may very 
much resemble packaged integrated circuit chips. For some 
types of applications, nonporous, nonreactive materials like 
ceramic may be used. 

[0059] In one embodiment, the sensor material is deposited 
or applied at the Wafer level, before individual dies are sepa 
rated. In other embodiments, the sensor material is applied 
after the dies are separated. 

[0060] FIG. 2A shoWs a more detailed diagram of an ana 
lyte detection chip 205. In a basic embodiment, an analyte 
detection chip of the present invention includes a plurality of 
sensor sites 210 of sensor material. In the present invention, 
the sensor material is constrained by some means at each 
sensor site. There are many techniques of constraining the 
sensor material at speci?c sites on the substrate. For example, 
the sensor material may be constrained at speci?c sites by 
surface tension. The sensor material may also be constrained 
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by an electrical charge, electric ?eld, or magnetic ?eld. Fur 
ther, the sensor material may be constrained using structures 
formed by integrated circuit processing techniques or other 
techniques (e.g., micromachining or microelectromechanical 
systems (MEMS)). Examples of these structures include sen 
sor Wells, ridges, trenches, circular structures, toWers, and 
many structures to constrain the sensor material at the sensor 
sites. These structures may be fabricated on or in the sub 
strate. 

[0061] In the speci?c embodiment shoWn in FIGS. 2A and 
2B, sensor Wells are used to constrain the sensor materials at 
the sensor sites. FIG. 2B shoWs a more detailed vieW of a 
single sensor Well. In the typical case, the sensor material may 
be deposited in the sensor Wells of the analyte detection chips 
at the Wafer level, before the chips are separated from the 
Wafer. The sensor Wells, hoWever, may also be ?lled after the 
individual chips have been separated from the Wafer. As dis 
cussed above, other techniques may be used to form the 
sensor sites and constrain the sensor material, and sensor 
Wells are shoWn merely as an example. Other structures may 
be used in a similar fashion to constrain the sensor material. 

[0062] For the analyte detection chip in FIG. 2A, the sensor 
sites are arranged in an array having roWs and columns of 11 
sensor sites by 11 sensor sites, for a total of 121 sensor sites. 
As discussed above, the sensor sites in FIG. 2A are sensor 
Wells. Sensor material Will be applied at these sensor sites 
Which Will serve as the analyte detection sensors. 

[0063] The analyte detection chip depicted in the ?gure Will 
have 121 sensors. In other embodiments, the analyte detec 
tion chip may have feWer than 121 sensors. For example, an 
analyte detection chip may have a tWo sensor sites, three 
sensor sites, four sensor sites, or greater number of sensor 
sites. An analyte detection chip may have tWo, three, four, 
?ve, six, seven, or more sensors sites for sensors. The chip 
may have ten to tWenty, tWenty to thirty, thirty to forty, forty 
to ?fty, and ?fty to one hundred sensors. A speci?c embodi 
ment of the analyte detection chip has thirty-tWo sensor sites. 
Even more complex analyte detection chips may have many 
hundreds or thousands of sensors. For example, a chip may 
have 10,000 sensors (possibly arranged in an array With 100 
sensors per side). 
[0064] The array of sensors may be arranged in many pos 
sible formats, and may have an equal number of sensors per 
side. The arrangement of the plurality of sensor sites may be 
selected as appropriate for a particular application. 
[0065] Although FIG. 2A snoWs a square array arrange 
ment of sensor sites, the sensor sites may be arranged in any 
fashion on the chip. For example, the plurality of sensor sites 
may be arranged in an oblong or rectangular structure, trian 
gular structure, circular or curved structure, and many other 
arrangements. An array of sensor sites may have 1 site by 10 
or more sites, 2 sites by 10 or more sites, 3 sites by 10 or more 
sites, 10 sites by 20 sites, or 30 by 175 sensors, just to mention 
some examples. There may also be multiple arrays or multiple 
groupings of sensor sites on the same substrate. There may be 
tWo, three, four, ?ve, or more arrays of sensors on a single 
substrate. 
[0066] FIG. 2C illustrates one embodiment of the present 
invention in Which a detection chip 220 is formed With only a 
single conducting layer formed over a substrate 221. The 
single conducting layer, typically of metal, such as aluminum 
and its compounds, advantageously alloWs for a simple semi 
conductor process. The simpler processing provides for 
quicker manufacturing times and a reduced number of failure 
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mechanisms. On the other hand, the simpler processing cre 
ates constraints in the layout of the chip 220 and necessarily 
creates a chip With some functional simpli?cation. 
[0067] The chip 220 provides for a number of sensors 230A 
and 230B around the periphery of the substrate 221. Only one 
corner of the substrate 221 is shoWn. The sensors 230A and 
230B are arranged in tWo roWs and are representationally 
illustrated by a dotted circle and tWo spaced-apart andparallel 
line segments. The dotted circle represents sensor material 
and the tWo line segments represent the electric terminals by 
Which a reaction of an electrical parameter of the sensor 
material to an analyte or odorant is received. Each terminal is 
connected to one of tWo conductive leads 225 and 226, one 
lead 226 connected to a common line 240, i.e., a reference 
line, and the other lead 225 connected to a bonding pad 241. 
The common line 240 is arranged as a annular ring around the 
substrate 221 on the inside of the peripheral roWs of the 
sensors 221A and 221B. By a lead connection 228 to a bond 
ing pad 242, the voltage level of the common line 240 is ?xed. 
As seen in FIG. 2C, the tWo roWs of sensors 231A 2nd 231B 
are arranged in staggered fashion Which alloWs the optimum 
packing of the sensors. The dotted circle of each sensor 230A 
and 230B also indicates the possible area covered by the 
sensor material described previously. 
[0068] This arrangement permits electrical signals from 
each sensor 230 through the sensor’s bonding pad 241 and the 
common bonding pad 242. The signals may be derived 
directly from the electrical characteristics of the sensor mate 
rial or may be signals Which have been preprocessed by the 
electrical circuits associated With each sensor 230, as 
described beloW. In either case, this arrangement can be 
implemented by “a single-metal layer” process, a term Well 
understood in the semiconductor industry. Processing and 
layout is advantageously straightforward. With semiconduc 
tor technology readily available today, a chip With 32 sensors 
is easily manufactured. The surface is treated With gold to 
assure good contacts. 

[0069] In other embodiments, a system of analyte detection 
may use sensors that reside on separate substrates. For 
example, the analyte detection system of the present inven 
tion may gather analyte information from sensors in different 
physical locations such as sensors located at various positions 
of a production line or different rooms Within a building. 

[0070] FIG. 3 shoWs hoW a plurality of sensors 330 of the 
present invention may be used to identify an analyte. In an 
embodiment, the sensors Would be formed on a substrate at 
sensor sites, and these sites may be arranged in an array form 
as discussed above. Each of the sensors may be incrementally 
different, and each is not speci?cally responsive to any par 
ticular analyte. For example, each sensor may have essen 
tially a different polymer composite resistance change (listed 
as polymer A through polymer I) from every other sensor. 
When tWo analytes, such as odorA and odor B, are evaluated 
using the collection of sensors, the result Will be tWo different 
response patterns 340 and 350. Each analyte has a character 
istic “?ngerprint.” Pattern recognition processing may then 
be used to identify the analytes on the basis of these patterns. 
[0071] In an embodiment of the present invention such as 
shoWn in FIG. 3, every sensor has a different composition of 
sensor material from every other sensor. This may be referred 
to as “sensor diversity.” In other embodiments of the present 
invention, hoWever, there may be multiple sensors in a sensor 
array that are the same. In other Words, some groups of 
sensors in this embodiment Will be manufactured With exactly 
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the same composition, While other groups of sensors Will 
have a different composition. Having tWo or more of the same 
sensors in a sensor array may serve a redundancy purpose, 
Which may be useful to increase the production yield. Redun 
dancy in sensors may be useful for increasing the service life 
or reliability of an analyte detection chip, especially When 
used in harsh environments (e.g., industrial) or mission criti 
cal situations (e.g., military, bomb detection, or use by a 
common carrier). The techniques of the present invention for 
analyte detection also apply to cases Where similar sensors 
exist in an array of sensors. 

[0072] An aspect of the present invention is the use of a 
plurality of sensors having different response characteristics 
to distinguish and classify analytes. These sensors may be 
formed on the same substrate. The plurality of sensors Will 
give a multidimensional response for use in characterizing 
and classifying the analyte. 
[0073] A particular sensor material may be broadly respon 
sive in the presence of many analytes. A response or signal 
from one sensor alloWs detection of a change in the compo 
sition of an analyte, but does not necessarily alloW identi? 
cation of that analyte. An array of sensor elements provides a 
reversible, diagnostic pattern of changes in an electrical 
parameter (such as resistance, capacitance, or inductance) 
upon exposure to different analytes. When a number of sen 
sors With diverse chemical compositions is used, an analyte 
Will have a particular ?ngerprint or signature. 
[0074] Correlations betWeen the elements of a sensor array 
may require many more than tWo sensors to successfully 
distinguish molecules in a complex environment. A greater 
number of sensors generally alloWs the identi?cation of a 
greater number of analytes. Moreover, a greater number also 
decreases the chance that tWo analytes Will have a similar or 
the same ?ngerprint. The sensitivity of an analyte detection 
system depends in part on the number of sensors, and diver 
sity of the sensors. The analyte detection system of the present 
invention may be related to a biological analog, the nose. It is 
believed the human olfaction system has about 106 total sen 
sors of about 103 different types of receptors. As is Well 
knoWn, dogs have a keener sense of smell than humans. A 
canine’s nose has about 108 sensors, Which is tWo orders of 
magnitude greater then the human nose. 
[0075] Greater numbers of sensors may be useful in a num 
ber of Ways. It may be bene?cial to measure the same property 
in many different Ways due to noise limitations in a practical 
system. For example, if suf?cient precision could be 
obtained, it might be possible to identify uniquely any mol 
ecule merely from a 38-bit measurement using tWo sensors. 
But in practice, it may not practical to make such precise 
measurements. Hence, When using loWer precision measure 
ments, useful information on the nature of the analyte may be 
obtained by making measurements using many independent 
determinations from many different sensor elements (such as 
in a sensor array). 

[0076] Furthermore, a limited number of sensors may be 
suf?cient to distinguish betWeen a series of pure substances 
that are maintained at a ?xed, knoWn concentration. HoWever, 
if the background is unknoWn, if mixtures are present, or if the 
background gases are changing in concentration, many more 
sensors may be needed simply to avoid ambiguity in interpre 
tation of the output signal pattern. Even more sensors may be 
needed if optimal discrimination is to be accomplished 
betWeen a given target signature and a Wide possible range of 
background clutter. Having large numbers of sensors also 














