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AUXILARY GAS DIFFUSON ELECTRODES 
FOR DAGNOSTICS OF 

ELECTROCHEMICAL GAS SENSORS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of the filing date 
of U.S. Provisional Application Ser. No 61/545,669 filed Oct. 
11, 2011, entitled, “Auxiliary Electrodes for Diagnostics of 
Electrochemical Gas Sensors'The 669 application is hereby 
incorporated herein by reference. 

FIELD 

0002 The application pertains to gas sensors which 
include extra electrodes to carry out diagnostics of the respec 
tive sensor. More particularly, the application pertains to 
additional gas diffusion electrodes incorporated in electro 
chemical gas sensors to carry out diagnostic activities while 
the respective sensor is in operation. 

BACKGROUND 

0003 Electrochemical sensors are known and can be used 
to detect various types of gases including oxygen as well as 
toxic gases Such as carbon monoxide, Sulphur dioxide and 
hydrogen Sulfide. Representative sensors have been disclosed 
in U.S. Pat. No. 5,668,302 to Finbow et al. entitled “Electro 
chemical Gas Sensor Assembly', issued Sep. 16, 1997, and 
U.S. Patent Application No. 2010/0252455 published Oct. 7, 
2010 and entitled “Methods of Operation of Electrochemical 
Gas Sensors'. Both the 302 patent and the 455 application 
are commonly owned with the present application and are 
incorporated herein by reference. 
0004 To improve their usefulness, it is desirable that they 
function as expected. To monitor sensor operation, diagnostic 
tests and/or remediation processes can be performed on the 
sensing electrodes of electrochemical gas sensors. Often Such 
processes require the sensor to be out of operation for a length 
of time due to the time taken to perform the actual process and 
a Subsequent recovery time for the sensing electrode to return 
to its normal operating state. Such processes include, but are 
not restricted to, Scanning Voltammetry to obtain information 
about sensing electrode activity, or remediation processes 
Such as that described in US201028852A1. It is undesirable 
for the sensor to be out of operation during Such tests. 
0005. It is also advantageous to provide means of perform 
ing diagnostic tests of various types on electrochemical gas 
sensors to detect whether the primary gas diffusion access 
path is operating in the intended mode, or other incorrect/ 
faulty operation modes. 
0006 Existing sensor diagnostic tests are often performed 
by modulating the sensing electrode and monitoring the 
resulting signal. For example, U.S. Pat. No. 6,251.243 
describes a method by which the transient signal resulting 
from a perturbation to the sensing electrode is used to deter 
mine if the sensor is operating correctly. EP 2327981 
describes a technique whereby the sensing electrode signal is 
interrupted to generate a diagnostic. U.S. Pat. No. 558.752 
describes a means whereby the sensing electrode potential is 
scanned to measure electrode activity. 
0007 Methods such as those described above all poten 

tially suffer from the disadvantage that by perturbing the 
sensing electrode the sensor may be out of operation for the 
duration of the test and also may require considerable time (in 
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Some cases many hours) to recover back to normal operation 
following the test. Furthermore, due to the high surface area 
of typical gas diffusion electrodes any Such tests (e.g. scan 
ning voltammetry) need to be performed relatively slowly. 
This again may result in the sensor being out of use for several 
hours. As a result such tests can only be performed infre 
quently, or when the sensor is not in use. For many applica 
tions, however, it is desirable to be able to carry out diagnos 
tics more frequently. 
0008 Electrochemical gas sensors typically rely on a dif 
fusion limiter Such as a membrane or capillary to control 
access of the target gas to the sensor. There are often also other 
external restrictions such as protective membranes in the 
instrument housing. A number of techniques can be used to 
check the correct internal functioning of such sensors. How 
ever they do not test whether the target gas can actually reach 
the respective sensing electrode and so cannot detect a pri 
mary and critical failure mode of electrochemical gas sensors 
which occurs when Such access becomes blocked or 
restricted. It is therefore desirable to be able to perform a test 
on an electrochemical gas sensor to ensure that this gas access 
path is not compromised or blocked, and that the sensing 
electrode is actually in communication with the ambient air 
that it is meant to be sampling. 
0009. This occurrence may be detected by applying test 
gas to the sensor, but this is a relatively labour intensive and 
hence expensive process, particularly for sensors which are 
located in remote or inaccessible locations. By definition it 
also requires that the sensor is removed from normal opera 
tion, at least for the duration of the test and often for much 
longer periods to allow for transportation to a test facility. 
0010 Many of the existing diagnostic methods such as 
those described above cannot check the correct operation of 
the gas access and so offer only partial capture of possible 
failure modes. There is thus a clear need for improved meth 
ods to test whether gas access (capillary, etc.) to toxic sensors 
(for example) is still functioning, without needing to expose 
to the target gas. 
0011. One solution to this problem uses the fact that, in a 
CO sensor for example, the platinum sensing electrode can 
also be used to detect oxygen by running at the appropriate 
bias potential. This is equivalent to operating the cell as an 
oxygen pump. Thus, an approach could be to occasionally 
drive the sensing electrode of a CO sensor to the oxygen 
reduction potential. The signal generated by oxygen entering 
through the capillary can be used to check that it is not 
blocked or restricted, (since oxygen is normally present in the 
environment). However this is not ideal as the sensor would 
be out of operation while this was being done and for a 
significant time afterwards while the electrode recovers back 
to the operating conditions for CO detection. 
0012 Elsewhere in a U.S. Patent Application filed concur 
rently herewith, and entitled, “Auxiliary Micro-electrodes for 
Diagnostics of Electrochemical Gas Sensors' docket number 
H0033128, assigned to the assignee hereof and incorporated 
hereby by reference, we have described methods using a 
separate, Small electrode (microelectrode) or electrodes to 
perform diagnostics So as to avoid disturbing the operation of 
the sensing electrode(s) or other electrodes within the sensor. 
The use of a separate diagnostic electrode avoids interrupting 
the gas measurement and the sensor can still operate normally 
during the diagnostic process. 
0013 The above described diagnostic process can be per 
formed quickly and/or continuously by virtue of the fact that 
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the diagnostic electrodes are of a form that allows them to 
operate without interfering with the other electrodes. How 
ever, Such approaches cannot meet all the requirements for 
electrochemical gas sensor diagnostics. For example, there 
are some measurements of interest in cell diagnostics which 
cannot adequately be undertaken using a small electrode (mi 
croelectrode) due to the low current handling capabilities and 
consequently low ability to consume target gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 illustrates a top planar view of sensing and 
diagnostic electrodes in accordance herewith: 
0015 FIG. 2 illustrates a top planar view of another 
embodiment of sensing and diagnostic electrodes in accor 
dance herewith: 
0016 FIG. 3A illustrates a top planar view of yet another 
embodiment of sensing and diagnostic electrodes in accor 
dance herewith: 
0017 FIG.3B illustrates atop planar view of a variation of 
the embodiment of FIG. 3A; 
0018 FIG. 4A illustrates a top planar view of yet another 
embodiment of sensing and diagnostic electrodes in accor 
dance herewith: 
0019 FIG. 4B illustrates atop planar view of a variation of 
the embodiment of FIG. 4A; 
0020 FIG.5 illustrates a side sectional view of a portion of 
a gas sensor in accordance herewith: 
0021 FIG. 6 illustrates a side sectional view of a portion of 
a different gas sensor in accordance herewith: 
0022 FIG. 7 illustrates a side sectional view of a portion of 
yet another gas sensor in accordance herewith: 
0023 FIG. 8 illustrates a side sectional view of a portion of 
yet another gas sensor in accordance herewith: 
0024 FIG. 9 illustrates a top planar view of sensing and 
diagnostic electrodes usable in the gas sensor of FIG. 8; and 
0025 FIG. 10 illustrates a top planar view of alternate 
sensing and diagnostic electrodes usable in the gas sensor of 
FIG 8. 

DETAILED DESCRIPTION 

0026. While disclosed embodiments can take many differ 
ent forms, specific embodiments thereof are shown in the 
drawings and will be described herein in detail with the 
understanding that the present disclosure is to be considered 
as an exemplification of the principles thereofas well as the 
best mode of practicing same, and is not intended to limit the 
application or claims to the specific embodiment illustrated. 
0027. In summary, embodiments hereof incorporate one 
or more additional electrodes into an electrochemical gas 
sensing cell for the purposes of cell diagnostics. The sensor 
may be a conventional 2, 3 or more electrode (or other) 
amperometric design. The diagnostic electrode is in direct 
communication with the incoming target gas passing through 
the diffusion barrier controlling access to the cell. 
0028. In one aspect hereof, the diagnostic electrode(s) 
is/are preferably gas diffusion electrodes having areas on 
same scale as the known electrodes used in electrochemical 
gas sensors. They are preferentially coplanar with the sensing 
electrode (although other geometries come within the spirit 
and scope hereof). They can be fabricated, without limitation, 
using a similar process. In sensors in accordance herewith, the 
diagnostic electrode(s) is directly exposed to the target gas in 
the gas phase in parallel with the sensing electrode. This is 
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unlike the above noted patent application, docket number 
H0033128, incorporated herein by reference, where the diag 
nostic electrode(s) are immersed in electrolyte, structures 
which rely on diffusion in the liquid phase. 
0029. One solution to the need to confirm access of the 
ambient atmosphere, with the target gas and other compo 
nents, to the target gas sensing electrode, is to use an auxiliary 
sensing electrode which is physically adjacent to the target 
gas sensing electrode. This auxiliary electrode can be used to 
detect a second gas, such as oxygen which is normally present 
as a background component. This structure could for example 
be implemented as in any of the designs of FIGS. 1 to 4B. In 
those figures S-i is the target gas sensing electrode and D-i is 
the second gas sensing diagnostic electrode. In all cases, the 
sensing electrode is of a relative size that causes the cell to 
operate in a diffusion limited mode based upon the use of the 
sensing electrode alone. 
0030. Such electrode structures could be screen printed or 
automatically puddled on a Substrate. Such as a flexible tape, 
T-i. The two electrodes could be the same material, for 
example as in a CO sensor with an oxygen diagnostic elec 
trode, or, two different materials. 
0031. A preferred implementation is shown in FIG. 5 
whereby the electrodes are in the form of a disc and concen 
tric ring (as in FIGS. 3AB or 4A,B). FIG. 5 illustrates a 
sensor 10 which has a housing 10a which defines a diffusion 
cavity 10b that has a diffusion barrier, such as a capillary, 10c 
positioned in ambient gas port 10c-1. Sensor 10 takes advan 
tage of the fact that in current sensor designs the sensing 
electrode, such as Si, does not need to be the full diameter of 
the cavity 10b above it. Cavity 10b is, at least in part, located 
between the target gas diffusion barrier 10c and the target 
electrode S-i. It has been shown that the target gas, being 
consumed by the sensing electrode S-i, is almost entirely 
consumed by the central region of the sensing electrode, 
signified by the cone’ 20, (as indicated by the dotted line) and 
that additional sensing electrode material outside this region 
is therefore unnecessary. 
0032. The diagnostic (or oxygen detecting) electrode, D-i, 
can then be concentric around the existing sensing electrode 
S-i. Note that the gas being detected as a diagnostic, for 
example oxygen, is not consumed by the sensing electrode 
S-i. Hence, it can be detected and consumed by the diagnostic 
electrode, D-i. The diagnostic electrode would not be oper 
ated continuously as the relatively large toxic sensor capillary 
would result in a very high oxygen signal. It would preferably 
be operated intermittently under the control of circuits 22 
coupled thereto. Its steady state signal would give a direct 
measure of the capillary diffusion limitation (assuming oxy 
gen concentration is known, measured or constant). It can 
also beneficially function in a transient mode as described in 
above noted published patent application US 2010/252455, 
previously incorporated by reference. There will be a back 
ground current present due to the presence of dissolved oxy 
gen in the electrolyte but this will be small compared with the 
current due to oxygen entering through the capillary. 
0033 FIGS. 6 and 7 show alternative approaches in sen 
sors 10-1, 10-2. These configurations have the advantage of 
containing both an oxygen and a toxic, for example a CO, 
sensor whereby the oxygen sensor has its own diffusion lim 
iter (capillary and/or membrane) but takes its gas sample from 
inside the cavity, such as 10b-1, or 12a of the toxic sensor. The 
disadvantage of this approach however is that the oxygen 
signal will not be very sensitive to restriction or blocking of 
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the outer toxic sensor capillary unless the restriction or block 
ing is so severe that the diffusional restriction of the toxic 
sensor capillary becomes comparable to that of the oxygen 
sensor capillary. 
0034. We have further recognized that it is not necessary to 
have a sensing electrode that occupies the whole bottom face 
of the diffuser cavity, 10b-2 in FIG.8. Only small sensing 
electrodes, such as electrodes 4 or 5 in FIG. 8, are necessary 
to ensure a signal limited by capillary, 10c-3 and a target gas 
concentration near Zero in cavity 10b-2. Therefore it is pos 
sible to have a multiplicity of electrodes, such as electrodes 4 
and 5 which can be intermittently powered via control circuits 
22-3. Any number of separate electrodes can potentially be 
incorporated, for example as in FIGS. 9 and 10, provided that 
the combination of electrodes operating at any given time has 
sufficient activity to maintain capillary diffusion limited 
behavior. In other words, such combinations of electrodes 
must be capable of fully consuming the capillary limited flux 
of the target gas reaching it. 
0035. With this type of structure, while one or more elec 
trodes is operating, other electrode(s) may be performing 
different functions, including operating as diagnostic elec 
trodes or being treated electrochemically for remediation pur 
poses. Thus, control circuits 22-3 can Switch, activate, or 
deactivate electrodes, both for sensing a target gas and the 
second, diagnostic gas to implement the various diagnostic 
methods discussed herein. 
0036) A similar concept can also be applied to any other 
electrodes within the sensor, for example multiple reference 
and or counter electrodes can be provided for similar reasons. 
A further benefit is that there is built in redundancy due to the 
use of multiple sensing electrodes. Since these can be oper 
ated alternately, any poisoning or degradation processes may 
occur differently on the different electrodes and hence drift in 
performance can be detected by comparison of the responses 
on the various electrodes. 
0037 Exemplary pluralities of electrodes, such as elec 
trodes 4-9 in the FIGS. 8-10, are preferably deposited on a 
single Support tape, such as tapes T1-T10, using selective 
deposition techniques such as direct puddling, Screen print 
ing, or puddling onto a temporary Support followed by press 
transfer. Respective conductors, such as C6-C9 are used to 
electrically connect each of the electrodes 4-9 to the control 
circuits, such as 22-3. 
0038. From the foregoing, it will be observed that numer 
ous variations and modifications may be effected without 
departing from the spirit and scope hereof. It is to be under 
stood that no limitation with respect to the specific apparatus 
illustrated herein is intended or should be inferred. It is, of 
course, intended to cover by the appended claims all Such 
modifications as fall within the scope of the claims. Further, 
logic flows depicted in the figures do not require the particular 
order shown, or sequential order, to achieve desirable results. 
Other steps may be provided, or steps may be eliminated, 
from the described flows, and other components may be 
added to, or removed from the described embodiments. 

1. A gas sensor comprising: 
a housing: 
at least one electrode for sensing a target gas; and 
at least one diagnostic electrode for sensing a different, gas 

wherein the diagnostic electrode is in direct communi 
cation with the incoming target gas; and 

where the housing carries the electrodes. 
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2. A gas sensor as in claim 1 which includes control circuits 
coupled to the electrodes, the housing defines an internal gas 
cavity with the electrodes adjacent thereto. 

3. A gas sensor as in claim 1 where the electrodes are 
co-planar and are at least in part, adjacent to one another. 

4. A gas sensor as in claim 1 where the electrodes are 
distributed symmetrically relative to a center line. 

5. A gas sensor as in claim 3 where the target gas sensing 
electrode and the diagnostic electrode are each formed with 
one of a cylindrical shape, or an annular shape. 

6. A gas sensor as in claim 1 which includes a target gas 
diffusion barrier with the electrodes spaced therefrom, 
wherein a cavity is located, at least in part, between the target 
gas diffusion barrier and the at least one sensing electrode. 

7. A gas sensor as in claim 1 where the housing defines an 
internal gas cavity which includes a plurality of spaced apart 
sensing electrodes. 

8. A gas sensor as in claim 7 which includes control circuits 
coupled to the electrodes, where some electrodes function to 
sense a target gas, at least intermittently, and others function 
to sense a diagnostic gas, at least intermittently. 

9. A gas sensor as in claim 8 where the control circuits 
Switch electrodes from an active to an inactive stratus. 

10. A gas sensor as in claim 8 where the electrodes are 
formed on a selected member co-planar with one another. 

11. A gas sensor as in claim 5 where some of the electrodes 
function with the control circuits to intermittently sense the 
target gas and others function with the control circuits to 
intermittently sense the diagnostic gas. 

12. A gas sensor as in claim 8 where the electrodes are 
formed with Substantially the same shape, and are displaced 
around a common center line. 

13. A gas sensor as in claim 8 where the diagnostic and gas 
sensing electrodes each have a surface area of a common size. 

14. A gas sensor as in claim 11 where the electrodes are 
formed with Substantially the same shape, and are displaced 
around a common center line and where the diagnostic and 
gas sensing electrodes each have a Surface area of a common 
S17C. 

15. A gas sensor comprising: 
a housing that defines an internal gas diffusion region for 

an airborne target gas and an airborne diagnostic gas; 
a plurality of electrodes, carried by the housing, adjacent to 

the gas diffusion region, the electrodes are in direct 
communication with the incoming target gas; and 

control circuits coupled to the electrodes where some of the 
electrodes function with the control circuits to intermit 
tently sense the target gas and others function with the 
control circuits to intermittently sense the diagnostic 
gaS. 

16. A gas sensor as in claim 15 where the electrodes each 
have a selected shape, are coplanar and formed on a Substrate. 

17. A gas sensor as in claim 16 where the electrodes are 
located adjacent to the diffusion region and Surround a com 
mon line. 

18. A gas sensor as in claim 17 where the control circuits 
select at least one electrode to sense a target gas for a first time 
interval and at least a second electrode to sense the target gas 
for a second time interval, and, where the control circuits 
select a third electrode to sense the diagnostic gas for a first 
diagnostic time interval and a fourth electrode to sense the 
diagnostic gas for a second diagnostic time interval. 
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19. A gas sensor as in claim 15 where in response to the 
control circuits, a selected electrode is used for sensing target 
gas during one time interval and for diagnostic gas sensing 
during another time interval. 

k k k k k 


