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(57) ABSTRACT 

A modi?ed universal exhaust gas oxygen sensor, referred to 
herein as a CEGA sensor, is provided Which can be used to 
measure the concentration of a variety of components of a 
gaseous fuel emission including CO, CO2, 02, H2, and H20. 
The CEGA sensor-employs at least one additional electrode 
on a ceramic substrate Which possess a different catalytic 
activity relative to the electrodes that normally found on a 
UEGO sensor. The ceramic substrate may be made of any 
suitable ceramic and is preferably made of Zirconia. The 
difference in catalytic activity betWeen the additional elec 
trode(s) and the electrodes native to the UEGO sensor create 
an oxygen gradient Which enables a measure of combustion 
completeness to be calculated. In combination With an 
air/fuel ratio measured by the sensor, the concentrations of 
different components in the emission can be calculated. 
Several methods, devices and systems Which can be used 
With various types of ceramic sensors including a CEGA 
sensor in order to improve their performance are also 
provided. 
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METHOD FOR MEASURING COMPONENT OF A 
GASEOUS EMISSION 

FIELD OF THE INVENTION 

[0001] The present invention relates to sensors for use in 
detecting gaseous components and more particularly to 
ceramic sensors for use in analyzing combustion emission 
components. 

BACKGROUND OF THE INVENTION 

[0002] A variety of sensors have been developed for 
detecting different gaseous combustion emission compo 
nents. Examples of the different gaseous components Which 
these sensors can detect include, but are not limited to 

oxygen (02), carbon monoxide (CO), carbon dioxide (CO2), 
hydrocarbons (HC), and nitrogen oxides (NOX). These sen 
sors can be used in a variety of devices including, for 
example, automotive engines, diesel engines, gas turbine 
engines, jet engines, poWer plants, furnaces, and barbeques. 
Many of these gaseous components are haZardous. 

[0003] Information derived from these sensors can be used 
for a variety of purposes. Data from the sensors can be used 
for feedback control of different aspects of a device Which 
is producing a gaseous emission. Alternatively, these sensors 
can simply be used to monitor the content of the emission. 
For example, these sensors can be used as a component of 
an on-board, OEM emissions control system for an auto 
motive engine or as an off-board emissions measuring 
device used for inspection and maintenance, for example as 
a tool for an automotive mechanic. 

[0004] A need exists for sensors Which can detect a Wide 
array of gaseous components. For example, a need exists for 
a sensor Which can determine the concentrations of oxygen, 
carbon monoxide, carbon dioxide, hydrocarbons, and nitro 
gen oxides in a sample. The sensors should have a high 
signal-to-noise ratio and thus be able to accurately determine 
the concentrations of various components of a gaseous 
sample. The sensors should be simple, reliable, and inex 
pensive to manufacture. These and other objectives are 
provided by the sensors, devices, and methods of the present 
invention. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to a modi?ed univer 
sal exhaust gas oxygen sensor, referred to herein as a CEGA 
sensor, Which can be used to measure the concentration of a 
variety of components of a gaseous emission including CO, 
CO2, 02, H2, and H20. The CEGA sensor employs at least 
one additional electrode on a ceramic substrate Which pos 
sess a different catalytic activity relative to the electrodes 
that are normally found on a UEGO sensor. The ceramic 
substrate may be made of any suitable ceramic and is 
preferably made of Zirconia. 

[0006] The difference in catalytic activity betWeen the 
additional electrode(s) and the electrodes native to the 
UEGO sensor create an oxygen gradient Which enables a 
measure of combustion completeness to be calculated. Com 
bustion completeness is a parameter quantifying the degree 
to Which the gaseous emissions of combustion are in chemi 
cal equilibrium. In combination With an air/fuel ratio mea 
sured by the sensor, the concentrations of different compo 
nents in the emission can be calculated. 
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[0007] A method is also provided for measuring concen 
trations of components of a gaseous emission by measuring 
an air/fuel ratio using a ceramic sensor, measuring combus 
tion completeness using the ceramic sensor and determining 
concentrations of components of a gaseous emission based 
on the measured air/fuel ratio and measured combustion 
completeness. The CEGA sensor of the present invention 
enable these functions of the method to be performed by a 
single sensor. 

[0008] In one regard, the CEGA sensor is an improved 
universal exhaust gas oxygen sensor (UEGO) for measuring 
properties of a gaseous emission Which includes at least one 
oxygen pumping cell and a sensing cell in contact With a 
detection cavity, the sensing cell including a ceramic in gas 
communication inside the detection cavity, a ?rst electrode 
in contact With ceramic positioned inside the detection 
cavity, and a second electrode in contact With the other side 
of the ceramic, a ?rst voltage potential externally applied 
betWeen the ?rst and second electrodes for pumping oxygen 
across the ceramic into and out of the detection cavity, the 
?rst voltage potential controlled by a second voltage poten 
tial formed across a third and fourth electrode of the sensing 
cell, an air/fuel ratio measurement of the gaseous emission 
being obtainable from the current passing betWeen the ?rst 
and second electrodes, the improvement comprising the 
addition of a ?fth electrode Which has a different catalytic 
activity than the ?rst electrode positioned inside the detec 
tion cavity in contact With the pumping cell ceramic, a third 
voltage potential externally applied betWeen the ?fth elec 
trode and either the second electrode or a sixth electrode 
located on the same side of the pumping cell ceramic as the 
second electrode, the third voltage potential controlled by a 
fourth voltage potential formed betWeen the ?rst and ?fth 
electrodes, a measure of combustion completeness being 
obtainable from the current passing betWeen the ?fth and 
either the second or sixth electrodes. 

[0009] In one particular embodiment of a CEGA sensor, 
the sensor includes 

[0010] 
[0011] a diffusion passage across Which the gaseous 

emission enters the detection cavity; an oxygen 
pumping cell de?ning a portion of the detection 
cavity formed of a ceramic substrate and a ?rst 
electrode in the detection cavity and a second elec 
trode outside the detection cavity for pumping oxy 
gen into and out of the detection cavity across the 
ceramic substrate to maintain a target oxygen level 
concentration in the detection cavity, an air/fuel ratio 
measurement of the gaseous emission being obtain 
able from current passing betWeen the ?rst and 
second electrodes; and 

[0012] a sensing cell de?ning a portion of the detec 
tion cavity formed of a ceramic substrate, the sensing 
cell including 

[0013] 
[0014] a fourth electrode outside the detection cavity, 

a ?rst voltage potential being formed betWeen the 
third and fourth electrodes due to a difference in 
oxygen concentration across the third and fourth 
electrodes, and 

a detection cavity; 

a third electrode Within the detection cavity, 
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[0015] a ?fth electrode in contact With the ceramic 
Within the detection cavity Which has a different 
catalytic activity than the ?rst electrode, a second 
voltage potential being formed betWeen the ?fth 
electrode and either the second electrode or a siXth 
electrode due to a difference in oxygen concentration 
across the ?fth and either second or siXth electrodes, 
a measure of combustion completeness being obtain 
able from a current passing betWeen the ?fth and 
either second or siXth electrodes. 

[0016] The present invention also relates to several meth 
ods, devices and systems Which can be used With various 
types of ceramic sensors including the CEGA sensor of the 
present invention in order to improve their performance. 

[0017] In one regard, the invention relates to a method for 
calibrating a ceramic sensor Which, as one of its functions, 
determines an air/fuel ratio. This method can be used in 
combination With any sensor Which calculates an air/fuel 
ratio including, but not limited to UEGO, NOX and CEGA 
sensors. 

[0018] According to the method, a ceramic sensor is 
operated at a constant, knoWn air/fuel ratio. While being 
operated at a constant, knoWn air/fuel ratio, the pumping 
current (Ipm) of the sensor is measured. Abasic relationship 
Which correlates the air/fuel ratio to the pumping current for 
the family of sensors to Which the speci?c ceramic sensor 
belongs is then used to calibrate the sensor by comparing the 
measured pumping current (Ipm) to the eXpected pumping 
current from the basic relationship for that air/fuel ratio (Ip). 
A transformation betWeen the measured pumping current 
(Ipm) and the current that the basic relationship gives for a 
knoWn air/fuel ratio is created. During subsequent sensor 
usage, this transformation is used to modify the measured 
pumping current to create a value Which is used With the 
basic relationship to obtain an air/fuel ratio that is accurate 
for the speci?c sensor. 

[0019] In one particular embodiment, the method for 
calibrating a ceramic sensor Which, as one of its functions, 
determines an air/fuel ratio includes the steps of: 

[0020] operating the ceramic sensor at a constant, 
knoWn air/fuel ratio; 

[0021] measuring a pumping current of the sensor; 

[0022] comparing the measured pumping current to 
an eXpected pumping current for the constant, knoWn 
air/fuel ratio; and 

[0023] calibrating the sensor using a basic relation 
ship Which provides the eXpected pumping current 
for the air/fuel ratio at Which the ceramic sensor Was 
operated. 

[0024] The present invention also relates to a softWare 
algorithm Which can be incorporated into a system in Which 
the sensor is used Which compares Iprn versus Ip for one or 
more air/fuel ratios and produces a look-up table for Iprn 
versus air/fuel ratio Which can be used during the operation 
of the sensor. 

[0025] The present invention also relates to a semicon 
ductor memory device Which can be used in combination 
With or incorporated into a ceramic sensor, the memory 
device including logic and data for performing a variety of 
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functions. For eXample, the memory device can include 
logic for calibrating the sensor as Well as memory for 
calibration data for the sensor. The memory device can also 
include logic and memory for storing usage information 
regarding the sensor. The memory device can also include 
logic Which monitors and controls the operation of the 
sensor. The memory device can also include logic for 
detecting When the sensor is being used or has been used 
beyond its recommended limits, e.g., temperature, time, 
voltage, etc. The memory device can also include a mecha 
nism for Warning the user of the improper use or overuse. 

[0026] A method is also provided for correcting for tem 
perature transients by measuring the temperature of the 
sensor; and correcting an output of the sensor based on the 
measured temperature. The system for operating the sensor 
can also include logic for adjusting the sensors output based 
on a determination of the sensor’s temperature. 

[0027] The present invention also relates to a method for 
reducing noise from leakage current from the sensor’s heater 
by taking measurements When the heater is off or after the 
effects of the leakage current have reached steady-state, 
most preferably just prior to turning the heater off. 

[0028] The present invention also relates to a method for 
reducing noise due to coupling betWeen the heater Wires and 
sensing element’s Wires by taking sensor measurements 
before transitions in the heater’s voltage occur. 

[0029] The present invention also relates to a method for 
reducing noise due to the use of a sensor impedance mea 
suring method for determining a sensor’s temperature by 
taking measurements just before the impedance measuring 
event. 

[0030] The present invention also relates to logic for 
performing any of the above methods for avoiding noise by 
controlling When sensor measurements are taken. The 
present invention also relates to logic for determining 
Whether the heater duty cycle is loW or high and for selecting 
the measurement times based on the duty cycle. 

[0031] The present invention also relates to a method for 
reducing noise due to a regulated voltage-type heater in a 
ceramic emission sensor system by measuring the noise due 
to the regulated voltage-type heater at and subtracting the 
noise from the sensor signals in order to compensate for this 
source of noise. 

[0032] The present invention also relates to a method for 
improving the accuracy of measuring oxygen-containing 
species in a gaseous emission in multiple cavity sensors. 

[0033] According to one embodiment, the method is per 
formed by applying a gaseous emission to the sensor; 
measuring a pumping current in a ?rst cavity of the sensor 
Which has a functional relationship to an air/fuel ratio of the 
gaseous emission; measuring a pumping current in a second 
cavity of the sensor Which has a functional relationship to an 
amount of oxygen-containing species in the gaseous emis 
sion and the air/fuel ratio of the gaseous emission; and using 
a combination of the measured pumping currents of the ?rst 
and second cavities to measure an amount of oXygen 
containing species in the gaseous emission. This method can 
be incorporated into the sensor by incorporating logic and 
data for performing the method into the sensor. 
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[0034] The present invention also relates to a method for 
?eld calibrating sensors using gaseous emissions. According 
to one embodiment, the method of ?eld calibration is 
performed by applying a gaseous emission having a knoWn 
amount of oxygen-containing species to the sensor; measur 
ing a pumping current in a ?rst cavity of the sensor Which 
has a functional relationship to an air/fuel ratio of a model 
gas; measuring a pumping current in a second cavity of the 
sensor Which has a functional relationship to the amount of 
oxygen-containing species in the gaseous emission and the 
air/fuel ratio of the gaseous emission; and using a combi 
nation of the measured pumping currents of the ?rst and 
second cavities and the knoWn amount of oxygen-containing 
species in the gaseous emission to calibrate the sensor. This 
method can be incorporated into the sensor by incorporating 
logic and data for performing the method into the sensor. 

[0035] The present invention also relates to a method for 
minimiZing the effect of rapid emission composition tran 
sients on the accuracy of multi-cavity exhaust sensors. 
According to the method, the effect of rapid emission 
composition transients on the accuracy of a multi-cavity 
exhaust sensor is minimiZed by measuring the sensor values; 
detecting for an occurrence of a rapid emission composition 
transient; discontinuing usage of the measured sensor values 
When the rapid emission composition transient is detected; 
detecting for a subsidence in the rapid emission composition 
transient; and resuming usage of the measured sensor values 
When subsidence of the rapid emission composition transient 
is detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] 

[0037] FIG. 2 provides a graph illustrating that the con 
centrations of CO, CO2, O2 and H2 in an engine’s exhaust 
are a function of the normaliZed air/fuel ratio. 

[0038] FIG. 3 illustrates an embodiment of a NOX sensor. 

[0039] FIG. 4 illustrates an embodiment of a CEGA 
sensor With tWo additional electrodes relative to a UEGO 
sensor. 

[0040] FIG. 5 illustrates an embodiment of a CEGA 
sensor With one additional electrode relative to a UEGO 
sensor. 

[0041] FIG. 6 illustrates the basic relationship betWeen 
the pumping current (Ip) in a ceramic sensor and the air/fuel 
ratio. 

FIG. 1 illustrates an embodiment of an UEGO 

[0042] FIG. 7 illustrates an embodiment of a memory 
device coupled to a sensor in a system according to the 
present invention. 

[0043] FIG. 8 illustrates an alternate embodiment Where 
the memory device is built into the sensor. 

[0044] FIG. 9 is a graph plotting current from a ceramic 
sensor (Ip) as a function of temperature. 

[0045] FIGS. 10A-10I illustrate a series of measuring 
timing patterns for enhancing the signal-to-noise ratio of the 
sensor. 

[0046] FIG. 10A illustrates a noiseless signal (1P2) in the 
sense that extraneous noise has been eliminated. 
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[0047] FIG. 10B illustrates the duty cycling of voltage to 
the heater. 

[0048] FIG. 10C illustrates hoW the signal illustrated in 
FIG. 10A is modi?ed as a result of the leakage current. 

[0049] FIG. 10C illustrates hoW the signal illustrated in 
FIG. 10A is modi?ed as a result noise generated due to 
coupling betWeen the heater Wires and sensing element’s 
Wires. 

[0050] FIG. 10D illustrates the noise effects associated 
With the signal illustrated in FIG. 10B. 

[0051] FIG. 10E illustrates the noise effect associated 
With the timing of a sensor impedance measurement. 

[0052] FIG. 10F illustrates a loW heater duty cycle. 

[0053] FIG. 10G illustrates a signal With noise generated 
from a heater operating With a loW heater duty cycle. 

[0054] FIG. 10H illustrates a high heater duty cycle. 

[0055] FIG. 10I illustrates a signal With noise generated 
from a heater operating With a high heater duty cycle. 

[0056] FIG. 11 illustrates a NOX sensor With a regulated 
voltage heater controller in a ?rst con?guration. 

[0057] FIG. 12 illustrates a NOX sensor With a regulated 
voltage heater controller in a second con?guration. 

[0058] FIG. 13 illustrates signals from a dual-cavity 
ceramic exhaust sensor during engine load transients. 

[0059] FIG. 14 is a plot of VS. 

[0060] FIG. 15 illustrates a softWare ?oWchart for the 
technique. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0061] The present invention relates to a modi?ed univer 
sal exhaust gas oxygen (UEGO) sensor Which can be used 
to measure the concentration of a variety of components of 
a gaseous fuel emission including CO, CO2, O2, H2, and 
H20. The modi?ed UEGO sensor, referred to herein as a 
CEGA sensor, has an analogous structure to a UEGO sensor 
but employs at least one additional electrode on the ceramic 
substrate Which possess a different catalytic activity relative 
to the electrodes that normally found on a UEGO sensor. The 
ceramic substrate may be made of any suitable ceramic and 
is preferably made of Zirconia. 

[0062] The difference in the catalytic activity betWeen the 
one or more additional electrodes in the CEGA sensor and 

the electrodes native to a UEGO sensor causes an O2 
gradient to be formed When the emission is not in chemical 
equilibrium due to an excess of either O2 consuming or O2 
generating reactions occurring in the vicinity of the elec 
trode With a higher catalytic activity. By monitoring the siZe 
of the O2 gradient, a measure of combustion completeness 
can be calculated. The CEGA sensor, like a UEGO sensor, 
is able to measure an air/fuel ratio. By comparing the 
combustion completeness and air/fuel ratio measurements, 
the concentrations of different components in the emission 
can be calculated. 

[0063] The present invention also relates to several 
devices, methods and systems Which can be used With 
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various types of ceramic sensors including the CEGA sensor 
of the present invention in order to improve their perfor 
mance. 

[0064] 1. EGO, UEGO & NOX Type Ceramic Sensors 

[0065] A variety of different ceramic gas sensors have 
been developed for detecting different products in combus 
tion emission components. These ceramic sensors can 
include a variety of ceramic substrates including, for 
example, Zirconia (ZrO2) and titania. One type of ceramic 
gas sensor that has been developed is the exhaust gas oxygen 
sensor (EGO). These sensors are used to maximiZe the 
efficiency of a catalytic converter Which receives the emis 
sions. For maximum converter ef?ciency, it must be fed With 
emissions from combustion processes operating at a sto 
ichiometric balance betWeen air and fuel. EGO sensors can 
only detect Whether an engine is running rich or lean of the 
stoichiometric point. The voltage potential (VS) generated by 
an EGO sensor can be expressed according to the folloWing 
equation: 

VS=(RT/4F)ln(P021/P022) (I) 

[0066] Where: 

[0067] R is the gas constant; 

[0068] T is the temperature; 

[0069] F is the Faraday constant; 

[0070] P021 is the partial pressure of oxygen on 
side 1 of the sensing cell exposed to the combus 
tion emissions; and 

[0071] P022 is the partial pressure of oxygen on 
side 2 of the sensing cell exposed to a reservoir of 
oxygen molecules of a knoWn concentration. 

[0072] Equation I has a very sharp transition value at the 
stoichiometric point and hence can be used to identify this 
point. The sensor can also be used to measure oxygen 
concentrations of the emission in the vicinity of the sto 
ichiometric point. While EGO sensors can detect Whether an 
engine is operating at, above or beloW the stoichiometric 
point, the sensor cannot detect the actual air/fuel ratio of the 
emission. 

[0073] A second type of ceramic gas sensor that has been 
developed is the universal exhaust gas oxygen sensor 
(UEGO). Unlike the EGO, UEGO sensors are “linear” 
oxygen sensors in the sense that they can detect the actual 
air/fuel ratio of the emission. 

[0074] FIG. 1 illustrates an embodiment of an UEGO 
sensor. As illustrated, the sensor includes three ceramic cells 
14, 18, 33 and a porous diffusion passage 20 into Which 
emissions 23 enter the sensor. TWo of the ceramic cells 14, 
33 are used for pumping oxygen While the third cell 18 is 
used as a sensing cell. 

[0075] All three ceramic cells have platinum electrodes 22 
attached to each side of the ceramic substrate. When a 
voltage potential is placed across the pumping cell’s elec 
trodes and the cell’s temperature is above 300° C., oxygen 
is pumped through the ceramic from one side 26 (or 27) of 
a cell to another side 27 (or 26) of the cell via the chemical 
reaction: 
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[0076] The oxygen ions 31 generated during pumping 
pass through the ceramic While the electrons travel through 
external circuitry 29 connecting the electrodes. The amount 
of oxygen that is pumped through the cell is detected by the 
external circuitry by measuring the amount of current gen 
erated, four electrons equaling a pumped oxygen molecule. 

[0077] Sensing cell 18 is an EGO sensor Which generates 
a voltage potential (VS) across electrodes 33, 35 When a 
difference in oxygen concentration is present across its 
surface. The voltage potential (V5) is used to drive external 
circuitry 29 Whose purpose is to pump oxygen into and out 
of the detection cavity 28 so as to maintain a stoichiometric 

exhaust composition therein. 

[0078] The diffusion passage 20 alloWs combustion con 
stituents to flow into and out of a detection cavity 28 located 
betWeen one of the pumping cells 14 and the sensing cell 18. 
Overtime, the composition of components on either side of 
the diffusion passage Would be equal if not for the pumping 
of oxygen into and out of the detection cavity 28 by the 
pumping cell 14 and the combustion reactions that occur 
inside the detection cavity 28. By measuring the amount of 
oxygen pumped via the external current flow (Ip) into or out 
of the detection cavity 28 to maintain a stoichiometric 
exhaust composition, the exhaust’s air/fuel ratio is deter 
mined. 

[0079] When the exhaust mixture contains excess oxygen 
relative to a stoichiometric air/fuel ratio, commonly referred 
to as lean of stoichiometric, oxygen from the exhaust 
diffuses through the passage into the detection cavity 28. In 
this case, the pumping cell 14 removes oxygen from the 
detection cavity 28 to create a stoichiometric exhaust com 
position. 

[0080] When the exhaust mixture contains less oxygen 
relative to a stoichiometric air/fuel ratio, commonly referred 
to as rich of stoichiometric, CO and H2 from the exhaust 
diffuse through the passage into the detection cavity 28. In 
this instance, the pumping cell 14 pumps oxygen into the 
detection cavity 28 Which reacts With CO and H2 to create 
a stoichiometric exhaust composition. 

[0081] The sensing cell 18 has one side 30 exposed to the 
pumping cell 14 and another side 32 exposed to a reference 
cell 33 Which has a constant oxygen concentration. In some 
embodiments, the reference cell is passive and is the envi 
ronment outside the sensor. Alternatively, as illustrated in 
FIG. 1, the reference 33 cell can be an active type reference 
cell Whose O2 concentration is held constant via a small 
pumping current. 

[0082] Also shoWn in FIG. 1 are pumping cell control 
electronics 35. The positive side 34 of an op-amp 36 is held 
at approximately 0.45 V (the VS target) and depending on 
Whether the sensing cells voltage is >0.45 V (i.e., a rich 
mixture in the detecting cavity) or <0.45 V (i.e., a lean 
mixture in the detecting cavity) the op-amp 36 either sup 
plies electrons (for rich mixtures) or removes electrons (for 
lean mixtures) from the reference cell 33. This results in O2 
either being supplied to the detection cavity for rich mix 
tures or removed from the detection cavity for lean mixtures. 
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[0083] The amount of oxygen pumped by the pumping 
cell 14 to balance the diffusion of O2, CO, and H2 into the 
detection cavity 28 is a function of the following parameters: 

[0084] a) the diffusivity Of O2 through the diffusion 
passage; 

[0085] b) the diffusivity of CO through the diffusion 
passage; 

[0086] c) the diffusivity of H2 through the diffusion 
passage; and 

[0087] d) the concentration of O2, CO, and H2 in the 
exhaust Which is a function of the fuel’s chemical 
composition (HC and O:C ratios) and the air/fuel 
ratio, as illustrated in FIG. 2. 

[0088] The diffusion coefficients are principally set by the 
structure of the diffusion passage. These coef?cients can be 
determined by calibration instruments and are provided With 
the sensor. The fuel’s composition (HC and O:C ratios) can 
be input by the user. With this background information, the 
air/fuel ratio can be calculated. 

[0089] A third type of ceramic sensor that has been 
developed is a NOX sensor. A NOX sensor is essentially an 
UEGO sensor With an additional diffusion passage and 
cavity. See US. Pat. No. 5,145,566. In addition to detecting 
the air/fuel ratio as does the UEGO sensor, the additional 
diffusion passage and cavity of the NOX sensor enables the 
detection of other emission components such as CO, CO2, 
H20 and NOX. 
[0090] An embodiment of a NOX sensor is illustrated in 
FIG. 3. As illustrated in FIG. 3, the sensor 40 integrates a 
UEGO sensor With a second cavity 48. 

[0091] The UEGO portion of the sensor 40, de?ned by 
?rst diffusion layer 20 and detection cavity 28, acts to keep 
the oxygen concentration of the detection cavity 28 at a loW 
and constant amount by pumping oxygen into and out of the 
detection cavity 28. Combustion gases enter the detection 
chamber 28 via the ?rst diffusion layer 20 as in a UEGO 
sensor. By monitoring the pumping current of the detection 
cavity (lpl), oxygen concentrations and air/fuel ratios are 
measured. 

[0092] Gases Within the detection cavity 28 pass through 
a second diffusion layer 51 Where they enter the dissociation 
cavity 48. In the dissociation cavity 48, a constant pumping 
potential is maintained Which selectively strips oxygen from 
NOX molecules producing a dissociation cavity current IPZ. 
The dissociation cavity current is proportional to the NOX 
concentration in the exhaust. 

[0093] It is noted that although the NOX sensor is 
described With regard to the embodiment illustrated in FIG. 
3, several other con?gurations of NOX knoWn and/or pos 
sible and are intended to fall Within the scope of this 
invention. 

[0094] 2. CEGA Sensors 

[0095] A modi?ed universal exhaust gas oxygen (UEGO) 
sensor Which can be used to measure the concentration of a 

variety of components of a gaseous fuel emission including 
CO, CO2, O2, H2, and H20 has also been developed. The 
modi?ed UEGO sensor, referred to herein as a CEGA 
sensor, has an analogous structure to a UEGO sensor but 
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employs one or more additional electrodes on the ceramic 
substrate Which possess a different catalytic activity relative 
to the electrodes that are normally found on the ceramic 
substrate of a UEGO sensor. 

[0096] The difference in the catalytic activity betWeen the 
one or more additional electrodes in the CEGA sensor and 

the electrodes native to a UEGO sensor causes an O2 
gradient to be formed When the emission is not in chemical 
equilibrium due to an excess of either O2 consuming or O2 
generating reactions occurring in the vicinity of the elec 
trode With a higher catalytic activity. By monitoring the siZe 
of the O2 gradient, a measure of combustion completeness 
can be calculated. The CEGA sensor, like a UEGO sensor, 
is able to measure an air/fuel ratio. By using the combustion 
completeness and air/fuel ratio measurements, the concen 
trations of different components in the emission can be 
calculated. 

[0097] CEGA sensors provide advantages over existing 
ceramic sensors. For example, CEGA sensors are less com 
plex to build and have a greater speed of response than the 
sensors described in Us. Pat. No. 5,145,566 for measuring 
exhaust components including CO, CO2, and H20. 

[0098] TWo embodiments of a CEGA sensor are illustrated 
in FIGS. 4 and 5. As illustrated, the CEGA sensor is 
essentially a Wide-range UEGO sensor such as the sensor 
illustrated in FIG. 1 Where one or more electrodes have been 
added. For example, the CEGA sensor illustrated in FIG. 4 
has tWo additional electrodes 80 and 82. The CEGA sensor 
illustrated in FIG. 5 has one additional electrode 80. 

[0099] With regard to FIGS. 4 and 5, the ?rst electrode 80 
is positioned in the detection cavity 28 of the sensor on the 
same substrate as the pumping cell electrode 26. First 
electrode 80 has a different (more or less) catalytic activity 
than the pumping cell electrode 26. With regard to FIG. 4, 
the CEGA sensor also includes a second electrode 82 
positioned outside of the detection cavity 28. 

[0100] With regard to the CEGA sensor illustrated in FIG. 
5, this CEGA sensor differs from the CEGA sensor illus 
trated in FIG. 4 in that it does not include electrode 82. 
Instead another electrode Which is used in the basic UEGO 
sensor, for example electrode 22, can perform the function 
otherWise provided by electrode 82. 

[0101] The CEGA sensor pumps oxygen into and out of 
the detection cavity 28 to maintain a constant sensing cell 
voltage (VS) 81 independent of the stoichiometry of the 
combustion device’s exhaust 23 Which enters the detection 
cavity 28 through diffusion aperture 20. 

[0102] Electrodes 80 and 26 have different levels of cata 
lytic activity. If the gas entering the detection cavity 28 is not 
in chemical equilibrium, these different levels of catalytic 
activity create a difference in the oxygen concentration 
betWeen electrodes 80 and 26 Which can be used to deter 
mine the degree of combustion completeness of the com 
bustion device’s exhaust. 

[0103] The voltage potential betWeen electrodes 26 and 80 
created by the difference in oxygen concentrations can be 
used to drive external electronics Whose purpose is to pump 
oxygen to or aWay from electrode 80 in order to reduce the 
voltage potential betWeen electrodes 26 and 80. The polarity 
and amount of oxygen pumped is a function of the degree of 
















