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(57) ABSTRACT 

A Sensor including a p-n junction for Subjecting under a 
reverse electrical bias. A conductive layer is formed acroSS 
the p-n junction for providing an alternative conductive path 
acroSS the p-n junction. The conductivity of the conductive 
layer in the presence of a Selected Substance in an atmo 
sphere is different than in the absence of the selected 
Substance, wherein the conductivity of the conductive layer 
is indicative of the presence or absence of the Selected 
Substance. 
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P-NJUNCTION SENSOR 

BACKGROUND 

0001. In some situations, it is desirable to monitor emis 
Sions Such as the exhaust from Smoke Stacks, engines, 
industrial processes, etc. to determine the presence and 
concentration of particular gases and/or aerosols. Sensors 
employed for Such purposes are often Subjected to harsh 
conditions, for example, high temperature and/or corrosive 
environments. However, current commercially available gas 
Sensors typically have designs which Suffer from tempera 
ture limitations and are Susceptible to corrosion. Conse 
quently, these commercially available Sensors are usually 
not Suitable for use in Such harsh environments. In addition, 
commercially available Sensors often have further draw 
backs, for example, Sluggish response time, large Sensor 
size, inconsistent quality and performance, performance 
degradation over time, high power requirements and high 
COSt. 

SUMMARY 

0002 The present invention provides a sensor for detect 
ing the presence or absence of Selected Substances in an 
atmosphere Such as gases, chemical Species, aerosols, etc. 
Some embodiments of the present invention Sensor can 
operate in high temperature and corrosive environments, can 
be Small in size with low power requirements, can have a 
fast response time, can be low cost, and can be manufactured 
with consistent quality and provide consistent performance. 
0003. One embodiment of the present invention is a gas 
Sensor which includes a p-n junction for Subjecting under a 
reverse electrical bias. A gas Sensitive conductive layer is 
formed across the p-n junction for providing an alternative 
conductive path acroSS the p-n junction. The conductivity of 
the conductive layer in the presence of a Selected gas is 
different than in the absence of the Selected gas, wherein the 
conductivity of the conductive layer is indicative of the 
presence or absence of the Selected gas. 
0004. In preferred embodiments, the conductive layer has 
a level of conductivity that varies with varying concentra 
tions of the Selected gas Such that the conductivity is 
indicative of the concentration of the Selected gas. The 
conductive layer can be formed from inorganic, organic, or 
a composite of organic and inorganic materials. A Voltage 
Source is electrically connected to opposite sides of the p-n 
junction for providing the reverse electrical bias. A mea 
Surement device measures electrical properties across the 
conductive layer. The electrical properties can be any of 
current, resistance, capacitance and impedance. The p-n 
junction is formed from n-type and p-type Semiconductor 
regions that are adjacent to each other. In one embodiment, 
one of the regions is formed within the other region. In 
another embodiment, one region is over the other region. In 
Such an embodiment, at least one opening can extend 
through at least a portion of the n-type and p-type regions to 
expose the p-n junction within the opening. At least a portion 
of the conductive layer is disposed within the opening acroSS 
the p-n junction. The conductive layer further extends over 
at least a portion of the n-type and p-type regions Surround 
ing the at least one opening. In yet another embodiment, a 
cavity is formed below the n-type and p-type regions to 
thermally isolate the Sensor from the Substrate. A heating 
arrangement can be provided for heating the gas Sensor. 
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0005 The present invention also provides a sensor 
including a p-n junction for Subjecting under a reverse 
electrical bias. A conductive layer is formed acroSS the p-n 
junction for providing an alternative path across the p-n 
junction. The conductivity of the conductive layer in the 
presence of a Selected Substance in an atmosphere is differ 
ent than in the absence of the Selected Substance, wherein the 
conductivity of the conductive layer is indicative of the 
presence or absence of the Selected Substance. 
0006. In preferred embodiments, the conductive layer has 
a level of conductivity that varies with varying concentra 
tions of the Selected Substance Such that the conductivity is 
indicative of the concentration of the Selected Substance. A 
Voltage Source is electrically connected to opposite sides of 
the p-n junction for providing the reverse electrical bias. A 
measurement device measures electrical properties acroSS 
the conductive layer. The electrical properties are any of 
current, resistance, capacitance and impedance. 
0007. The present invention also provides a method of 
Sensing a Selected gas with a Sensor including Subjecting a 
p-n junction of the Sensor under a reverse electrical bias. A 
gas Sensitive conductive layer extends acroSS the p-n junc 
tion for providing an alternative conductive path across the 
p-n junction. The conductivity of the conductive layer in the 
presence of the Selected gas is different than in the absence 
of the Selected gas. Electrical properties are measured acroSS 
the conductive layer to determine the presence or absence of 
the Selected gas. 
0008. In preferred embodiments, the conductive layer has 
a level of conductivity that varies with varying concentra 
tions of the Selected gas. The concentration of the Selected 
gas is determined based on the level of conductivity of the 
conductive layer. Any of current, resistance, capacitance and 
impedance is measured acroSS the conductive layer. In Some 
embodiments, the Sensor is heated with a heating arrange 
ment to a desired operating temperature. 
0009. The present invention also provides a method of 
Sensing a Selected Substance in an atmosphere with a Sensor 
including Subjecting a p-n junction of the Sensor under a 
reverse electrical bias. A conductive layer extends acroSS the 
p-n junction for providing an alternative conductive path 
acroSS the p-n junction. The conductivity of the conductive 
layer in the presence of the Selected Substance in the 
atmosphere is different than in the absence of the Selected 
Substance. Electrical properties are measured acroSS the 
conductive layer to determine the presence or absence of the 
Selected Substance. 

0010. In preferred embodiments, the conductive layer has 
a level of conductivity that varies with varying concentra 
tions of the Selected Substance. The concentration of the 
Selected Substance is determined based on the level of 
conductivity of the conductive layer. Any one of current, 
resistance, capacitance and impedance is measured acroSS 
the conductive layer. In Some embodiments, the Sensor is 
heated with a heating arrangement to a desired operating 
temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The foregoing and other objects, features and 
advantages of the invention will be apparent from the 
following more particular description of preferred embodi 
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ments of the invention, as illustrated in the accompanying 
drawings in which like reference characters refer to the same 
parts throughout the different views. The drawings are not 
necessarily to Scale, emphasis instead being placed upon 
illustrating the principles of the invention. 
0012 FIG. 1 is a schematic drawing of an embodiment 
of the present invention Sensor. 
0013 FIG. 2 shows the p-n junction depletion Zone and 
a crack/defect in the gas Sensitive layer in the embodiment 
of FIG. 1. 

0.014 FIG. 3 is a schematic drawing depicting flow of 
current through the p-n junction and the gas Sensitive layer. 
0.015 FIG. 4 is a schematic drawing of another embodi 
ment of the present invention. 
0016 FIG. 5 is a perspective schematic drawing of yet 
another embodiment of the present invention. 
0017 FIG. 6 is a schematic drawing of still another 
embodiment of the present invention. 
0.018 FIG. 7 is a plan schematic view of another embodi 
ment of the present invention. 
0019 FIG. 8 is a sectional view of the embodiment 
depicted in FIG. 7 taken along lines 8-8 with a portion of the 
gas Sensitive layer broken away to show part of the p-n 
junction. 
0020 FIG. 9 is a plan schematic drawing of an array of 
present invention Sensors formed on a Substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021 Referring to FIG. 1, sensor 10 is capable of sensing 
the presence and/or concentration of Selected Substances 
within an atmosphere or environment, Such as gases, chemi 
cal Species, aeroSols, etc. In many applications, Sensor 10 is 
employed as a gas Sensor. Sensor 10 includes a Semicon 
ductor Substrate 11 having an n-type Semiconductor region 
or layer 12 abutting a p-type Semiconductor region or layer 
14 with a p-n junction 16 therebetween. Ohmic contacts 20 
and 22 are formed on the n-type region 12 and the p-type 
region 14, respectively. A voltage Source 24 is electrically 
connected to the n-type region 12 and p-type region 14 via 
lines 26 and 28, which are connected to respective contacts 
20 and 22. Voltage source 24 provides a reverse electrical 
bias acroSS the p-n junction 16. A Substance Sensitive con 
ductive layer 18 is formed over the substrate 11 and across 
an exposed region of the p-n junction 16 to provide an 
alternative conductive path past or acroSS the p-n junction 
16. The conductive layer 18 has a conductivity that varies 
depending upon the concentration of a particular Substance, 
Such as a gas or gases, chemical Species, aerosols, etc., 
coming into contact with conductive layer 18, and thereby 
modulates the flow of current. A measurement device Such 
as a current meter 15 measures the flow of current between 
contacts 20 and 22, thereby measuring the flow of current 
through conductive layer 18. The concentration and/or pres 
ence of the selected substance can be determined by the level 
of measured current. 

0022. In operation, when voltage source 24 Subjects the 
p-n junction 16 to a reverse electrical bias, very little p-n 
junction current 32 (FIG. 3) passes from the n-type region 

Oct. 16, 2003 

12 to the p-type region 14 through the p-n junction 16. The 
p-n junction 16 has a very short or narrow Space charge 
width or depletion zone 19 (FIGS. 2 and 3), typically 0.5 
tim or less. Referring to FIG. 3, although very little p-n 
junction current 32 flows through the p-n junction 16, a 
parallel or bypass leakage shorting current 34 flows from the 
n-type region 12 to the p-type region 14 through conductive 
layer 18. The bypass current 34 only has to flow around the 
depletion Zone 19 through conductive layer 18 to flow past 
or across the p-n junction 16. The conductivity of the 
conductive layer 18 varies depending upon the concentration 
of a Selected Substance coming into contact with conductive 
layer 18. The conductivity is affected by the absorption, 
desorption, or reaction of the Substance at the exposed 
conductive layer 18. As a result, the material from which 
conductive layer 18 is formed, is chosen to respond to a 
Specific Substance or family of Substances to be monitored. 
By measuring the current I passing between contacts 20/22 
with current meter 15, the current 34 through conductive 
layer 18 is measured. Measurements of different currents 34 
through conductive layer 18 are correlated to different 
concentrations as well as the presence and absence of the 
Selected Substance or Substances. Typically, current levels 
are predetermined for particular concentrations. If needed, 
the p-n junction current 32 is accounted for. Also, each 
Sensor 10 can be calibrated to account for variations occur 
ring in the manufacturing process. 
0023 The very narrow depletion Zone 19 (FIG. 3) of the 
p-n junction 16 around which the leaking Shorting current 34 
flows, allows the conductive layer 18 to be unaffected by 
most cracks or defects 17 (FIG. 2) in conductive layer 18. 
As seen in FIG. 3, the leaking shorting current 34 within 
conductive layer 18 can flow around the p-n junction 16 in 
close relationship thereto Such that any cracks or defects 17 
that are away from the p-n junction 16 have little effect on 
the flow of the leaking shorting current 34. Consequently, 
cracks and defects 17 can form in the conductive layer 18 
during manufacturing and/or during use, and not affect the 
operation of Sensor 10. Typically, only the cracks or defects 
17 that are directly over the p-n junction 16 may possibly 
affect the performance of the sensor 10. Usually, such cracks 
or defects 17 would have to extend transverse to the flow of 
the leaking shorting current 34 to affect the flow of current 
34. Since most cracks or defects 17 are typically short and 
would not extend the whole lateral distance acroSS conduc 
tive layer 18 while directly over p-n junction, the leaking 
shorting current 34 is usually able to flow around the 
crack/defect 17. Cracks or defects 17 extending in the same 
direction as the leaking shorting current 34 might not affect 
the flow of current 34. If the cracks or defects 17 are formed 
during the manufacture of Sensor 10, the Sensor can be 
calibrated to compensate for any effects caused by the cracks 
or defects 17. 

0024. The n-type semiconductor region 12 and the p-type 
Semiconductor region 14 can be made of Silicon (Si) if 
Sensor 10 operates in non-corrosive low temperature envi 
ronments below temperatures of approximately 150° C. For 
higher operating temperatures, Semiconductor materials 
with a large band gap are typically employed Such as Silicon 
carbide (SiC), gallium nitride (GaN), etc., where the par 
ticular materials are Selected So that the operating tempera 
ture is below the temperature at which the Semiconductor 
material becomes intrinsic, or So that the p-n junction 
reverse bias current 32 does not become too large. Silicon 
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carbide is Suitable for use in both high temperature and 
corrosive environments. The Substrate 11 can in Some 
embodiments be about 1 mm long by 1 mm to 10 mm wide 
with the n-type 12 and p-type regions 14 being about 0.5 
microns to 0.5 mm thick. The n-type region 12 and the 
p-type region 14 can be formed by common methods Such 
as diffusion, implantation or epitaxial growth, and can be 
formed onto a Substrate Such as Silicon, Silicon carbide, 
gallium nitride, gallium arsenide, or other Semiconductors or 
materials onto which Semiconductors can be formed. The 
contacts 20/22 are typically made of metals capable of 
forming Stable low resistivity electrical contacts to the 
Semiconductor materials of regions 12/14 and formed on 
regions 12/14 by Sputtering, e-beam evaporation, pulsed 
laser deposition, electrochemical deposition or chemical 
Vapor deposition. 
0025. The conductive layer 18 can be formed of either 
inorganic or organic materials. Since the leaking Shorting 
current 34 only needs to pass through about 0.5 um of 
conductive layer 18 in order to bypass the p-n junction 16, 
the conductive layer 18 can be at thicknesses below 1 micron 
such as 100 nm. At Such thicknesses, conductive layer 18 is 
leSS Susceptible to thermal/mechanical induced microcrack 
ing. Typically, conductive layer 18 is long and wide enough 
to completely cover the p-n junction depletion Zone 19 and 
extend at least another 100 nm over regions 12/14 imme 
diately adjacent to p-n junction depletion Zone 19. Examples 
of inorganic materials for conductive layer 18 include Semi 
conducting metal oxides Such as tin oxide (SnO2), Zinc oxide 
(ZnO), titanium dioxide (TiO), gallium oxide (Ga-Os), 
indium oxide (In O), molybdenum oxide (MoC), tungsten 
oxide (WO), etc. Examples of organic materials for con 
ductive layer 18 include polymer films Such as polypyrroles 
and polyaniline-based composites, Self assembled monolay 
ers, and immobilized antibodies and other biomolecular 
species. The conductive layer 18 can be formed by physical 
deposition proceSS Such as thermal, electron beam, molecu 
lar beam or pulsed laser evaporation, or Sputtering. In 
addition, the conductive layer 18 can be formed by chemical 
deposition processes Such as chemical vapor deposition, 
spin-on of organic precursors, oxidation, hybridization, etc. 
Furthermore, conductive layer 18 can be formed by depos 
iting a film of the desired material over the entire Substrate 
11 and then lithographically patterning the film to remove 
the film from unwanted areas. The conductive layer 18 can 
also be formed by Selective deposition Such as Sputtering 
through a mask or by thermal activated Self lithographic 
chemical vapor deposition (CVD) directly onto heated 
regions. 
0026. The conductive layer 18 typically conducts a cer 
tain level of current in the absence of the Selected Substance 
or Substances and then changes in the presence of the 
Selected Substance or Substances. However, in Some cases, 
near-Zero current can be conducted for one condition and 
then various levels of current conducted in other conditions. 
Conductive layer 18 can be a single layer of a single 
material, or alternatively, be formed of more than one layer, 
as well as contain more than one material. When multiple 
layers form conductive layer 18, the layers can be of 
different materials. The conductive layer 18 can be formed 
to respond to a single Substance or multiple Substances. In 
addition, an array of conductive layers 18 formed of differ 
ent materials can be employed for detecting multiple Sub 
stances Such as multiple gases. The array of conductive 
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layers 18 can be formed by an array of multiple individual 
sensors 10, or can be formed by multiple conductive layers 
18 formed on different p-n junctions 16 that are located on 
a Single Substrate. Although the level of current through 
conductive layer 18 is typically measured, alternatively, the 
magnitude of other electrical properties can be measured 
with the appropriate equipment Such as resistance, capaci 
tance and impedance. 

0027 Sensor 10 can be manufactured with relatively 
consistent quality and provide consistent performance over 
time. Consistent quality and performance are in part pro 
vided by having a verythin conductive layer 18 which is less 
Susceptible to cracking. In addition, even when Some crack 
ing occurs, the effects of cracking are minimized by the fact 
that the leaking shorting current 34 only needs to pass 
through about 1 um of the conductive layer 18. The simple 
design of sensor 10 also allows the sensor to be made small 
in size with low power requirements and relatively quick 
response time. 

0028 Referring to FIG. 4, sensor 36 is another embodi 
ment of the present invention. Sensor 36 has a substrate 37 
where the p-n junction 16 is formed by diffusing or implant 
ing a p-type region 14 into a base Substrate n-type region 12. 
The contacts 20/22 are then formed over the respective 
n-type 12 and p-type regions 14 and the conductive layer 18 
is formed over the exposed p-n junction 16. Alternatively, an 
n-type region 12 can be formed in a base Substrate p-type 
region 14. In addition, formation of one of the n-type 12 or 
p-type regions 14 can be by epitaxial growth followed by 
Selective removal of portions of the epitaxial layer by 
masking and etching processes. 

0029) Referring to FIG. 5, sensor 40 includes a substrate 
41 with n-type 12 and p-type regions 14 that consist of 
abutting, adjacent or mating layers, one on top of another. 
The p-type region 14 is shown below the n-type region 12 
and extends laterally beyond the n-type region 12 So that 
contacts 20 and 22 can be formed on respective n-type 12 
and p-type regions 14. Voltage source 24 (FIG. 1) is 
electrically connected to contacts 20 and 22. A Series of 
openings Such as holes or apertures 38 extend through the 
n-type 12 and p-type regions 14 of substrate 41. The 
apertures 38 are shown to be Square or rectangular and 
increase the exposed area of the p-n junction 16 to include 
the regions within the apertures 38 in addition to the existing 
perimeter of the mating n-type 12 and p-type regions 14. 
Conductive layer 18 is formed on selected portions of the 
substrate 41. The conductive layer 18 extends over a portion 
of the outwardly facing opposed planar Surfaces 12a/14a 
and the outer perimeter 13 of the n-type 12 and p-type 
regions 14, as well as within the apertures 38, thereby 
extending over exposed regions of the p-n junction 16. 
Although the n-type region 12 is shown to be on top of the 
p-type region 14, alternatively, the orientation of the n-type 
12 and p-type regions 14 can be reversed. In addition, the 
apertures 38 can be of other Suitable shapes. Such as circular, 
oval, polygonal, or combinations thereof. The apertures 38 
can also only extend through one of the n-type 12 or p-type 
14 regions, thereby forming holes with closed ends to 
expose p-n junction 16 areas. In Some cases, the apertures 38 
can extend through one of the regions 12/14 and further 
extend partway through the other region. Furthermore, the 
Size of the apertures 38 can be varied. For example, Sensor 
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40 can have a single enlarged aperture 38 that forms a large 
central cavity. If desired, the contacts 20/22 can be at 
opposite ends of sensor 40. 

0030) Referring to FIG. 6, sensor 50 differs from sensor 
40 in that sensor 50 includes a Substrate 11 and underetched 
cavity 42 extending below the p-type region 14. The aper 
tures 38 extend through the n-type region 12 and p-type 
layer 14 into cavity 42. Although the n-type region 12 is 
shown to be on top of the p-type region 14, alternatively, the 
orientation of the n-type region 12 and p-type regions 14 can 
be reversed. The apertures 38 can also only extend through 
one of the n-type 12 or p-type 14 regions, thereby forming 
holes with closed ends to expose p-n junction 16 areas. In 
Some cases, the apertures 38 can extend through one of the 
regions 12/14 and further extend partway through the other 
region. Substrate 11 is formed from SemiconductorS Such as 
Silicon, Silicon carbide, gallium nitride, gallium arsenide, or 
other Semiconductors or materials in which cavity 42 can be 
precisely etched, and onto which n-type region 12 and the 
p-type region 14 can be formed. 

0031. The conductive layer 18 covers p-n junction 16, 
and may also cover all or part of n-type region 12 on top 
Surface 12a, all or part of p-type region 14 on bottom Surface 
14a, all or part of aperture 38, and all or part of the surface 
of cavity 42. A portion of the n-type region 12, p-type layer 
14, and conductive layer 18 forms an underetched structure 
23. Voltage source 24 (FIG. 1) is electrically connected to 
contacts 20 and 22. 

0.032 The n-type region 12 includes a second ohmic 
contact 21 on Surface 12a. Contacts 20/21 are electrically 
connected to a heating power source 44 via lines 46 and 48. 
Current from power source 44 flows through n-type layer 12 
and heats the n-type region 12, the p-type region 14 and the 
conductive layer 18 of the underetched structure 23 of 
Sensor 50 to the desired operating temperature. This arrange 
ment forms a microhotplate Structure. Alternatively, Second 
ohmic contact 21 can be formed on p-type layer 14 to heat 
underetched Structure 23 by flowing current through p-type 
layer 14. 

0.033 Heating the sensor 50 to a specified temperature 
can provide a more rapid response time, as well as optimum 
Sensitivity and/or Selectivity in responding to a particular 
Substance over other Substances in the atmosphere. Typical 
operating temperature ranges are 250 C. to 500 C. In 
example, heating can allow Sensor 50 to distinguish between 
different gases by utilizing programmed heating cycles to 
obtain thermodynamic or kinetic information about the 
gases being measured. The heating can also accelerate 
Sensor response by providing a more rapid indication of the 
presence and/or concentration of a particular Selected gas. 
The heating can also be employed to burn off or evaporate 
condensed contaminants on Surfaces of conductive layer 18 
by periodically ramping Sensor 50 to temperatures well 
above measurement temperatures. The cavity 42 reduces the 
thermal mass of the heated underetched Structure 23 and also 
provides thermal isolation. As a result, the power required to 
heat the underetched Structure 23 to the desired operating 
temperatures are Several orders of magnitude below prior art 
Sensors and can be as low as a few milliwatts. The 
underetched Structure 23 also positions the heated portion of 
sensor 50 away from the electrical contacts 20, 21 and 22 so 
that the contacts 20, 21 and 22 can remain at ambient 
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temperatures. This reduces or prevents drift in Sensor 
response and/or the failure of contacts 20, 21 and 22. Such 
problems commonly occur to contacts that become heated to 
an elevated operating temperature. Although underetched 
Structure 23 is generally shown as a micromechanical mem 
brane Structure, in other embodiments, different microme 
chanical Structures can be formed Such as cantilevered 
beams, microbridges, tethered microhotplates, membranes, 
etc. In Some embodiments, cavities Such as cavity 42 may 
have portions which extend to the perimeter of the Sensor. 

0034) Referring to FIGS. 7 and 8, sensor 56 differs from 
sensor 40 in that sensor 56 has patterned opening 52 
extending through the n-type 12 and p-type regions 14 that 
is a Slot instead of apertures 38 to expose increased areas of 
the p-n junction 16. The conductive layer 18 extends over 
the inner Surfaces of the slot-like opening 52 and over the 
additional exposed p-n junction 16 areas. The slot-like 
opening 52 provides a lengthened exposed p-n junction 16 
perimeter, and if desired, Sensor 56 can include two or more 
slot-like openingS 52 to further increase the exposed p-n 
junction 16. Although slot-like opening 52 is shown to have 
Straight edges, alternatively opening 52 can have curved 
edges or be a convoluted pattern. In addition, the slot-like 
opening 52 does not have to extend completely through both 
the n-type 12 and p-type regions 14 to expose p-n junction 
16 region. 

0035) Referring to FIG. 9, sensor 60 includes a series or 
array of sensors 10 that are formed onto a substrate 58. The 
conductive layer 18 of each sensor 10 is chosen to detect the 
concentration and/or presence of particular Selected Sub 
stances. For example, each Sensor 10 can be Selected to 
detect a different gas. Consequently, by forming the array of 
Sensors 10, a spectrum or range of gases can be detected. 
Although Sensor 60 is depicted to have an array of Sensors 
10, it is understood that sensor 60 can have an array of any 
of the Sensors of the present invention. It is also understood 
that the Sensors can be positioned at any Suitable orientation 
relative to each other. 

0036 While this invention has been particularly shown 
and described with references to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the Scope of the invention encom 
passed by the appended claims. 

0037 For example, although the sensors of the present 
invention have been shown to be oriented horizontally, it is 
understood that in use, the orientation can be vertical or at 
any angle. In addition, it is understood that various features 
of the Sensors in the present invention can be combined or 
omitted. Although the present invention is often employed 
for detecting gases, the present invention can also be used to 
detect aerosols (both Suspended liquids and particles) and 
chemical Species within particular atmospheres or environ 
ments. The aerosols can include biological agents Such as 
Simple organisms, bacteria and viruses. Also, the locations 
of positions of the n-type 12 and p-type regions 14 shown in 
the figures can be exchanged. An exposed p-n junction may 
be part of a number of devices which utilize p-n junctions in 
their design Such as bipolar or JFET transistors (p-n-p or 
n-p-n), photo-diode light detectors, thyristors (p-n-p-n), etc. 
The operating characteristics of these devices can be modi 
fied by the existence of the conductive film which coats the 
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exposed p-n junction or junctions. Vapors or chemical 
Species can modify the conductivity of the conductive film 
which in turn can be detected by monitoring the changes in 
operation of the given devices, for example, a decrease in 
efficiency of a photo detector. The p-n junction does not need 
to be a homojunction (composed of the same material in 
both p and n regions), but can be a heterojunction Such as 
p-SiC and n-GaN. Also, the substrate material need not be 
the same material as that of the p regions and n regions. 
Furthermore, any high impedance junction or junctions can 
be “shorted” by the conductive layer including metal-semi 
conductor Schottky barriers or p-i-n (i-intrinsic or insulating 
region) junction structures used for photodetectors. 

What is claimed is: 
1. A gas Sensor comprising: 

a p-n junction for Subjecting under a reverse electrical 
bias, and 

a gas Sensitive conductive layer formed across the p-n 
junction for providing an alternative conductive path 
acroSS the p-n junction, the conductivity of the con 
ductive layer in the presence of a Selected gas being 
different than in the absence of the Selected gas, 
wherein the conductivity of the conductive layer is 
indicative of the presence or absence of the Selected 
gaS. 

2. The gas Sensor of claim 1 in which the conductive layer 
has a level of conductivity that varies with varying concen 
trations of the Selected gas Such that the conductivity is 
indicative of the concentration of the Selected gas. 

3. The gas Sensor of claim 1 further comprising a Voltage 
Source electrically connected to opposite Sides of the p-n 
junction for providing the reverse electrical bias. 

4. The gas Sensor of claim 1 further comprising a mea 
Surement device for measuring electrical properties acroSS 
the conductive layer, the electrical properties being any of 
current, resistance, capacitance and impedance. 

5. The gas sensor of claim 1 in which the conductive layer 
is formed from inorganic, organic, or a composite of inor 
ganic and organic materials. 

6. The gas Sensor of claim 1 in which the p-n junction is 
formed from n-type and p-type Semiconductor regions that 
are adjacent to each other. 

7. The gas Sensor of claim 6 in which one of the regions 
is formed within the other region. 

8. The gas Sensor of claim 6 in which one region is over 
the other region, at least one opening extends through at 
least a portion of the n-type and p-type regions to expose the 
p-n junction within the opening, and at least a portion of the 
conductive layer is disposed within Said opening acroSS the 
p-n junction. 

9. The gas sensor of claim 8 in which the conductive layer 
further extends over at least a portion of the n-type and 
p-type regions Surrounding the at least one opening. 

10. The gas sensor of claim 9 in which a cavity is formed 
below the n-type and p-type regions to thermally isolate the 
Sensor from the Substrate. 

11. The gas Sensor of claim 10 further comprising a 
heating arrangement for heating the gas Sensor. 

12. A gas Sensor comprising: 
a p-n junction; 
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a Voltage Source electrically connected to opposite sides 
of the p-n junction for Subjecting the p-n junction under 
a reverse electrical bias, 

a gas Sensitive conductive layer formed across the p-n 
junction for providing an alternative conductive path 
across the p-n junction, the conductivity of the con 
ductive layer in the presence of a Selected gas being 
different than in the absence of the Selected gas, and 

a measurement device for measuring current through the 
conductive layer, the amount of current being indica 
tive of the presence or absence of the Selected gas. 

13. The gas sensor of claim 12 in which the conductive 
layer has a level of conductivity that varies with varying 
concentrations of the Selected gas Such that a particular level 
of current through the conductive layer is indicative of the 
concentration of the Selected gas. 

14. A Sensor comprising: 
a p-n junction for Subjecting under a reverse electrical 

bias, and 

a conductive layer formed acroSS the p-n junction for 
providing an alternative conductive path acroSS p-n 
junction, the conductivity of the conductive layer in the 
presence of a Selected Substance in an atmosphere 
being different than in the absence of the selected 
Substance, wherein the conductivity of the conductive 
layer is indicative of the presence or absence of the 
Selected Substance. 

15. The sensor of claim 14 in which the conductive layer 
has a level of conductivity that varies with varying concen 
trations of the Selected Substance Such that the conductivity 
is indicative of the concentration of the Selected Substance. 

16. The Sensor of claim 14 further comprising a Voltage 
Source electrically connected to opposite Sides of the p-n 
junction for providing the reverse electrical bias. 

17. The Sensor of claim 14 further comprising a measure 
ment device for measuring electrical properties across the 
conductive layer, the electrical properties being any of 
current, resistance, capacitance and impedance. 

18. A method of forming a gas Sensor comprising: 
providing a p-n junction for Subjecting under a reverse 

electrical bias, and 
forming a gas Sensitive conductive layer acroSS the p-n 

junction for providing an alternative conductive path 
across the p-n junction, the conductivity of the con 
ductive layer in the presence of a Selected gas being 
different than in the absence of the Selected gas, 
wherein the conductivity of the conductive layer is 
indicative of the presence or absence of the Selected 
gaS. 

19. The method of claim 18 further comprising forming 
the conductive layer from a material that has a level of 
conductivity that varies with varying concentrations of the 
Selected gas Such that the conductivity is indicative of the 
concentration of the Selected gas. 

20. The method of claim 18 further comprising electri 
cally connecting a Voltage Source to opposite Sides of the p-n 
junction for providing the reverse electrical bias. 

21. The method of claim 18 further comprising providing 
a measurement device for measuring electrical properties 
acroSS the conductive layer, the electrical properties being 
any of current, resistance, capacitance and impedance. 
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22. The method of claim 18 further comprising forming 
the p-n junction from n-type and p-type Semiconductor 
regions that are adjacent to each other. 

23. The method of claim 23 further comprising forming 
one region within the other region. 

24. The method of claim 22 further comprising: 
forming one region over the other region; 
forming at least one opening that extends through at least 

a portion of the n-type and p-type regions to expose the 
p-n junction within the opening, and 

disposing at least a portion of the conductive layer within 
Said opening across the p-n junction. 

25. The method of claim 24 further comprising extending 
the conductive layer over at least a portion of the n-type and 
p-type regions Surrounding the at least one opening. 

26. The method of claim 25 further comprising forming a 
cavity below the n-type and p-type regions to thermally 
isolate the Sensor from the Substrate. 

27. The method of claim 26 further comprising providing 
a heating arrangement for heating the gas Sensor. 

28. The method of claim 18 further comprising forming 
the conductive layer from inorganic, organic, or a composite 
of inorganic and organic materials. 

29. A method of forming a Sensor comprising: 
providing a p-n junction for Subjecting under a reverse 

electrical bias, and 
forming a layer acroSS the p-n junction for providing an 

alternative conductive path across the p-n junction, the 
conductivity of the conductive layer in the presence of 
a Selected Substance in an atmosphere being different 
then in the absence of the Selected Substance wherein 
the conductivity of the conductive layer is indicative of 
the presence or absence of the Selected Substance. 

30. A method of Sensing a Selected gas with a Sensor 
comprising: 

Subjecting a p-n junction of the Sensor under a reverse 
electrical bias, a gas Sensitive conductive layer extend 
ing acroSS the p-n junction for providing an alternative 
conductive path acroSS the p-n junction, the conductiv 
ity of the conductive layer in the presence of the 
Selected gas being different than in the absence of the 
Selected gas, and 

measuring electrical properties acroSS the conductive 
layer to determine the presence or absence of the 
Selected gas. 

31. The method of claim 30 in which the conductive layer 
has a level of conductivity that varies with varying concen 
trations of the Selected gas, the method further comprising 
determining the concentration of the Selected gas based on 
the level of conductivity of the conductive layer. 
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32. The method of claim 31 further comprising measuring 
any of current, resistance, capacitance and impedance acroSS 
the conductive layer. 

33. The method of claim 30 further comprising heating 
the Sensor with a heating arrangement to a desired operating 
temperature. 

34. A method of Sensing a Selected gas with a Sensor 
comprising: 

Subjecting a p-n junction of the Sensor under a reverse 
electrical bias with a Voltage Source electrically con 
nected to opposite sides of the p-n junction, a gas 
Sensitive conductive layer extending acroSS the p-n 
junction for providing an alternative conductive path 
across the p-n junction, the conductivity of the con 
ductive layer in the presence of the Selected gas being 
different than in the absence of the Selected gas, and 

measuring current through the conductive layer, the level 
of current being indicative of the presence or absence 
of the Selected gas. 

35. The method of claim 34 in which the conductive layer 
has a level of conductivity that varies with varying concen 
trations of the Selected gas, the method further comprising 
determining the concentration of the Selected gas from the 
level of the current measured. 

36. A method of Sensing a Selected Substance in an 
atmosphere with a Sensor comprising: 

Subjecting a p-n junction of the Sensor under a reverse 
electrical bias, a conductive layer extending acroSS the 
p-n junction for providing an alternative conductive 
path across the p-n junction, the conductivity of the 
conductive layer in the presence of the Selected Sub 
stance in the atmosphere being different than in the 
absence of the Selected Substance; and 

measuring electrical properties acroSS the conductive 
layer to determine the presence or absence of the 
Selected Substance. 

37. The method of claim 36 in which the conductive layer 
has a level of conductivity that varies with varying concen 
trations of the Selected Substance, the method further com 
prising determining the concentration of the Selected Sub 
stance based on the level of conductivity of the conductive 
layer. 

38. The method of claim 37 further comprising measuring 
any of current, resistance, capacitance and impedance acroSS 
the conductive layer. 

39. The method of claim 36 further comprising heating 
the Sensor with a heating arrangement to a desired operating 
temperature. 


