
US 20020079901A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0079901 A1 
(19) United States 

Rezvani (43) Pub. Date: Jun. 27, 2002 

(54) PROCESS FOR MINIMIZING CROSS-TALK 
IN DIAGNOSTIC SIGNALS OFA PH SENSOR 

(76) Inventor: Behzad Rezvani, Anaheim, CA (US) 

Correspondence Address: 
Robert M. Angus 
WESTMAN CHAMPLIN & KELLY 
International Centre - Suite 1600 

900 South Second Avenue 
Minneapolis, MN 55402-3319 (US) 

(21) Appl. No.: 09/748,881 

(22) Filed: Dec. 27, 2000 

Publication Classi?cation 

(51) Int. Cl? ................................................ .. G01N 27/416 

(52) US. Cl. ............................................................ .. 324/426 

(57) ABSTRACT 

A pH analyzer is operated to measure pH of a solution by 
applying a reference electrode current, IREF to a reference 
electrode of a pH sensor and an ion-speci?c electrode 
current, IGLASS, to an ion-speci?c electrode of the pH sensor. 
The currents to the reference electrode and ion-speci?c 
electrode are multiplexed to avoid cross-talk. Multiplexing 
the currents provides a more accurate measurement of 

electrode impedance for diagnostic purpose. A current spike 
is optionally added to the reference electrode current to 
discharge any charge in the solution due to the reference 
electrode current. 



Patent Application Publication Jun. 27, 2002 US 2002/0079901 A1 



US 2002/0079901 A1 

PROCESS FOR MINIMIZING CROSS-TALK IN 
DIAGNOSTIC SIGNALS OF A PH SENSOR 

FIELD OF THE INVENTION 

[0001] This invention relates to pH sensors for measuring 
pH of a solution, and particularly to minimizing cross-talk 
between currents carried by electrodes of a pH sensor. 

BACKGROUND OF THE INVENTION 

[0002] Sensors that measure ion content, also knoWn as 
pH sensors, are used in industrial process control systems to 
measure the hydrogen (H") or hydroXyl (OH‘) ion content, 
or pH, of a solution of the industrial process. pH sensors 
employ at least tWo electrodes, an ion-speci?c electrode 
(commonly called a glass electrode due to its construction) 
and a reference electrode. A pH analyZer operates the pH 
sensor by measuring a voltage across both the ion-speci?c 
electrode (IGLASS) and the reference electrode (IREF) Thus, 
the voltage betWeen a common potential, such as electrical 
ground, and each of the ion-speci?c electrode (VGLASS) and 
the reference electrode (VREF) is measured, and the differ 
ence betWeen the tWo voltages (VGLASS—VREF) represents 
the pH value. The sensor is calibrated so that there is a 
knoWn relationship betWeen VGLASS and VREF When the 
sensor is in a neutral (pH=7.0) solution. 

[0003] The impedances of the ion-speci?c and reference 
electrodes are used for diagnostic and maintenance pur 
poses. Thus, if a sensor becomes cracked or otherWise 
deteriorates, the ability of the sensor to accurately measure 
the ion content of the solution also deteriorates. Electrode 
deterioration is determined from the impedance (resistance) 
of the electrodes. If the impedance of one electrode changes, 
the sensor may require re-calibration or replacement. 

[0004] The impedance of the ion-speci?c electrode may be 
signi?cantly greater than that of the reference electrode; the 
ion-speci?c electrode often exhibiting as much as 10,000 
times the impedance of the reference electrode. Conse 
quently, the current to the reference electrode may be 
signi?cantly greater than that to the ion-speci?c electrode; 
IREF often being as much as 10,000 times IGLASS. With both 
IGLASS and IREF ?oWing through the solution at the same 
time, cross-talk betWeen the currents in the ion-speci?c and 
reference electrodes may alter the current ?oWs in the 
solution, and hence the voltage outputs, resulting in error in 
impedance measurements of the electrodes. The present 
invention is directed to a method of multiplexing IGLASS and 
IREF to minimiZe cross-talk to improve impedance measure 
ments of the electrodes. 

SUMMARY OF THE INVENTION 

[0005] According to the present invention, cross-talk 
betWeen the reference and ion-speci?c electrodes is mini 
miZed by applying the ?rst current, IGLASS, to the ion 
speci?c electrode during a ?rst time period and applying the 
second current, IREF, to the reference electrode a second 
time period. 

[0006] In a preferred form of the invention, the ?rst and 
second currents are substantially direct (DC) currents and 
application of the ?rst and second currents to their respective 
electrodes is interleaved so that the ?rst current is applied to 
the ion-speci?c electrode While the second current is off and 
the second current is applied to the reference electrode While 
the ?rst current is off. 
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[0007] In another preferred form of the invention, a cur 
rent spike is added to the second current Whenever the 
second current changes to off. The current spike has a value 
to discharge any charge in the solution due to the second 
current. 

[0008] In another preferred form of the invention, the 
ion-speci?c electrode and the reference electrode, together 
With a common electrode, are applied to a solution. A 
difference betWeen voltages at the ion-speci?c electrode, 
VGLASS, and the reference electrode, VREF, each relative to 
the common electrode, is a measure of pH of the solution. 

[0009] In another preferred form of the invention, the 
impedance of the ion-speci?c electrode is calculated based 
on the ?rst current, IGLASS, and the voltage measured 
betWeen the ion-speci?c electrode and the common elec 
trode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic diagram illustrating the 
resistance circuit of a pH sensor in a sample solution, as 
coupled to a pH analyZer. 

[0011] FIG. 2 is a timing diagram of current to the 
electrodes of a pH sensor in accordance With the prior art. 

[0012] FIGS. 3-5 are timing diagrams of current to the 
electrodes of a pH sensor in accordance With different 
embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0013] FIG. 1 is a circuit diagram illustrating the equiva 
lent circuit of a pH sensor 10 having a reference electrode 14 
and an ion-speci?c electrode 16 connected to terminals 42 
and 44, respectively, of a pH analyZer 40. Electrodes 14 and 
16 are eXposed to a sample solution 34. AnalyZer 40 includes 
a third terminal 46 coupled to a common electrical potential, 
such as electrical ground. Terminal 46 is coupled to an 
electrode 48 Which is also eXposed to sample solution 34. 

[0014] The operation of analyZer 40 to measure pH of 
solution 34 is described in US. Pat. No. 5,469,070 granted 
Nov. 21, 1995 to Roland H. Koluvek for “Circuit for 
Measuring Source Resistance of a Sensor”. Substantially 
direct current signals (DC), in the form of successive posi 
tive and negative current pulses, are applied to both the 
reference electrode input terminal 42 and the ion-speci?c 
electrode input terminal 44. The average voltage (betWeen 
peaks) across terminals 42 and 46 (VREF) is measured, 
representing the voltage across reference electrode 14 and 
the sample solution 34. For eXample, if the DC voltage, 
VREF, across terminals 42 and 46 alternates betWeen +100 
millivolts and —80 millivolts, the average voltage is +10 
millivolts. Similarly, the average voltage across terminals 44 
and 46 (VGLASS) is measured, representing the voltage 
across ion-speci?c electrode 16 and solution 34. The differ 
ence betWeen the tWo voltage measurements is a measure of 
pH. 

[0015] AnalyZer 40 is calibrated by measuring the imped 
ance of the reference electrode and ion-speci?c electrode of 
the sensor using the reference electrode current, IREF, and 
the ion-speci?c electrode current, IGLASS. The analyZer is 
adjusted (calibrated) so that the relationships of voltage, 
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VREF, between terminals 42 and 46, and the voltage, 
VGLASS, betWeen terminals 44 and 46, is known When the 
solution is neutral (pH 7.0). A change in the relationship of 
the voltages is representative of the pH of the solution. 

[0016] It is common for analyZer 40 to perform diagnostic 
tests on the sensor While measuring pH of the solution. 
Diagnostic tests are typically performed by measuring the 
impedance (resistance) values of the ion-speci?c and refer 
ence electrodes to identify any deterioration of the sensor. 
The resistance measurement is performed simply by divid 
ing the peak voltages betWeen the respective terminals 42 
and 46, and 44 and 46. For example, if the voltage, VREF, 
across terminals 42 and 46 alternates betWeen +100 milli 
volts and —80 millivolts, the peak sWing voltage is 180 
millivolts, Which is divided by the reference current, IREF, to 
calculate RREF. The resistance of the ion-speci?c electrode, 
RGLASS, might be signi?cantly greater than that of the 
reference electrode, RREF; a ratio of 10,000 to 1 being 
common. Consequently, the current applied to the reference 
electrode terminal 42 (IREF) might be similarly large com 
pared to the current applied to the ion-speci?c electrode 
terminal 44 (IGLASS); it being common that IREF be 10,000 
times IGLASS. When the sample solution exhibits a high 
impedance the high current difference betWeen IREF and 
IGLASS creates cross-talk at the electrodes, Which is re?ected as 
noise in the output voltages VREF and VGLASS. This noise 
can lead to error in the measurement of the impedance of the 
ion-speci?c electrode, and hence error in the calibration of 
the apparatus and error in diagnostics. The present invention 
minimiZes cross-talk by multiplexing the tWo currents IREF 
and IGLASS' 

[0017] Cross-talk and noise usually do not signi?cantly 
affect measurement of the impedance of the reference elec 
trode, RREF, because the current through the reference 
electrode, IREF, is usually so high in relation to the current 
through the ion-speci?c electrode, IGLASS, that small 
changes in the voltage across reference electrode 14 due to 
cross-talk do not materially affect computation of RREF. The 
current, IGLASS, through the ion-speci?c electrode, hoWever, 
is small such that even small changes in the voltage across 
ion-speci?c electrode 16 affects computation of RGLASS. 
Accordingly, cross-talk and noise may adversely affect the 
accuracy of the computation of RGLASS. While the invention 
is described herein to overcome problems of cross-talk and 
noise in the computation of RGLASS, the invention is useful 
With to overcome cross-talk and noise problems affecting the 
computation of RREF, such as for sensors Whose reference 
electrode impedance is suf?ciently close to the ion-speci?c 
electrode impedance that cross-talk and noise might affect 
the accuracy of measurement of RREF. 

[0018] FIG. 2 illustrates the timing of the IREF and IGLASS 
currents as described in the aforementioned Koluvek patent. 
As shoWn in FIG. 2, the IREF and IGLASS currents are 
substantially DC currents in a ?rst (positive) direction to the 
respective electrodes to cause the voltage at terminals 42 and 
44 to go high (positive) during a ?rst portion of a cycle 50, 
and the currents are in the opposite (negative) direction to 
cause the voltages at terminals 42 and 44 to go loW (nega 
tive) during a second portion of cycle 50. The magnitude of 
IREF may be as much as 10,000 times, or more, than IGLASS. 
Consequently, the solution, RSOL, carries the sum of IREF+ 
IGLASS, creating cross-talk in the voltages betWeen the tWo 
electrodes. This crosstalk affects the accurate calculation of 
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the sensor and measurement of the ion-speci?c electrode 
impedance, RGLASS, thereby affecting maintenance and 
diagnostic procedures. 

[0019] To overcome the problem of cross-talk, the present 
invention multiplexes the IREF and IGLASS currents so that 
When one of the substantially DC currents ?oWs (in either 
direction) the other does not ?oW. Consequently, When one 
of IGLASS and IREF is on or ?oWing (in either direction), the 
other is terminated or off. Thus, as shoWn in FIG. 3, the IREF 
and IGLASS currents assume three DC states (positive, nega 
tive and off) during four periods of a cycle 52. The IREF and 
IGLASS currents are multiplexed so that the IREF and IGLASS 
current states are arranged positive, off, negative, off, posi 
tive, etc., so that When one current is positive or negative, the 
other is off. Thus, the currents are interleaved so that during 
a ?rst period of cycle 52, IREF is off and IGLASS ?oWs in a 
positive direction. During the second period of cycle 52, 
IREF is positive and IGLASS is off. During the third period, IREF 
is off and IGLASS is negative. During the fourth period, IREF 
is negative and IGLASS is off. Consequently, current through 
the sample solution is only either the ion-speci?c electrode 
current IGLASS or the reference electrode current IREF. Con 
sequently, cross-talk is minimiZed, resulting in greater accu 
racy of the voltage measurements and greater accuracy of 
the impedance calculations, particularly for the ion-speci?c 
electrode. As a result, the operation of the industrial process 
control system can be more accurately diagnosed, leading to 
better maintenance of the system. 

[0020] The aforementioned Koluvek patent describes 
measurement of voltages VREF and VGLASS during periods 
While both are positive and both are negative. The average 
of the high and loW VREF voltages and the average of the 
high and loW VGLASS voltages are compared to determine 
pH measurement. The present invention similarly measures 
the high and loW VREF and VGLASS voltages and uses the 
average to determine pH. HoWever, instead of measuring the 
high VREF and VGLASS voltages during a ?rst period of cycle 
50 shoWn in FIG. 2 and the loW VREF and VGLASS voltages 
during a second period of cycle 50, the present invention 
measures the high and loW VREF and VGLASS voltages 
during mutually exclusive periods. More particularly, in 
FIG. 3, the voltage VREF betWeen terminals 42 and 46 is 
measured during the second and fourth periods of cycle 52 
and the voltage VGLASS betWeen terminals 44 and 46 is 
measured during the ?rst and third periods of cycle 52. 

[0021] FIG. 4 illustrates a modi?cation of the multiplex 
ing scheme illustrated in FIG. 3 in Which a current pulse or 
spike 54 is added to the IREF current at the beginning of each 
period during Which the reference current is terminated or 
off (When VREF is otherWise neutral). Current pulse is of 
opposite direction to the direction of the IREF current imme 
diately prior to the current pulse. Thus, current pulse 54 is 
positive folloWing a period of negative IREF and current 
pulse 54 is negative folloWing a period of positive IREF. The 
current pulses serve to discharge polariZation of the elec 
trode that might be established When the prior positive or 
negative reference current Was applied to the reference 
current. 

[0022] More particularly, the ions in the sample solution 
may establish a capacitance betWeen the reference electrode 
14 and the ion-speci?c electrode 16. When a high IREF 
current (IREF positive or negative) is applied to reference 
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electrode 14 the capacitance of sample solution 34 is 
charged. The ion-speci?c electrode voltage V S is affected 
by any charge on the electrode that is carried over to the 
period When the reference current is neutral and the ion 
speci?c electrode current IGLASS is positive or negative. 
Therefore, current pulse 54 is applied to the reference 
electrode to discharge polariZation on the electrode. The siZe 
and duration of current pulse 54 Will depend on the eXpected 
charge on the solution, Which Will vary depending on the 
solution composition and its pH range. pH analyZer 40 may 
include a microprocessor programmed to select the siZe and 
duration of pulse 54 based on operator input of the solution 
composition and the measured pH. 

[0023] In most cases, it is not necessary to include a charge 
dissipating current pulse 54 in the ion-speci?c electrode 
current IGLASS because the magnitude of the reference 
electrode current IREF is so much higher ion-speci?c elec 
trode current IGLASS that any charge due to IGLASS has little 
or no effect on voltage measurement. HoWever, a charge 
dissipating current pulse might be included in the ion 
speci?c electrode current Where the magnitudes of the IREF 
and IGLASS currents are closer such that the ion-speci?c 
electrode might become polariZed. 

[0024] FIG. 5 illustrates another embodiment of the mul 
tipleXing of IREF and IGLASS in Which each current is 
reversed during successive periods of cycle 56, and then off 
or terminated during the remaining tWo periods. Conse 
quently, IREF and IGLASS are interleaved by applying suc 
cessive positive and negative IREF folloWed by successive 
positive and negative IGLASS, etc. As in the case of the 
embodiments of FIGS. 3 and 4, IGLASS is positive or 
negative only When IREF is off and IREF is positive or 
negative only When IGLASS is off. Thus, IREF is positive and 
IGLASS is off so that VREF is high and VGLASS is neutral 
during the ?rst period of cycle 56, IREF is negative and 
GLASS remains off so that VREF is loW and VGLASS remains 
neutral during the second period, IREF is off and IGLASS is 
positive so that VREF is neutral and VGLASS is high during 
the third period, and IREF remains off and IGLASS is negative 
so that VREF remains neutral and VGLASS is loW during the 
fourth period. Consequently, current through the sample 
solution is only either the ion-speci?c electrode current 
IGLASS or the reference electrode current IREF, and cross-talk 
is minimiZed resulting in greater accuracy of the impedance 
measurements. 

[0025] If desired, the reference electrode current IREF may 
include a current pulse or spike 58 to discharge any capaci 
tance in solution 34 as described in connection With FIG. 4. 
In this case, hoWever, since the second period of the refer 
ence electrode current is opposite the ?rst period, no pulse 
or spike 58 is necessary. Instead, the pulse or spike 58 is used 
only When the reference electrode current IREF is changed 
from either positive or negative to neutral (thereby avoiding 
any residual charge When the ion-speci?c electrode current 
IGLASS is applied to ion-speci?c electrode 16). 

[0026] While the pH sensor has been characteriZed as 
containing a reference electrode and an ion-speci?c elec 
trode, the ion-speci?c electrode is not necessarily con 
structed of glass, and may be any suitable material. Hence, 
the term “glass” is not limiting on the construction of the 
ion-speci?c electrode. Moreover, While the present inven 
tion has been described in connection With multiplexing 
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currents to the reference and ion-speci?c electrodes of a pH 
sensor, the multiplexing is applicable to industrial process 
control sensors employing currents to a reference electrode 
and a sensing electrode. 

[0027] Although the present invention has been described 
With reference to preferred embodiments, Workers skilled in 
the art Will recogniZe that changes may be made in form and 
detail Without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. Aprocess of operating a pH analyZer to measure pH of 

a solution, comprising steps of: 

a) providing a pH sensor having an ion-speci?c electrode 
and a reference electrode, the ion-speci?c electrode 
being in contact With the solution and designed to 
provide an electrical potential based on the pH of the 
solution, the reference electrode being designed to 
provide a reference electrical potential and being 
coupled to the ion-speci?c electrode through the solu 
tion; 

b) applying the pH sensor and a common electrode to the 
solution; 

c) measuring the pH of the solution during a ?rst cycle of 
operation by 

c1) applying a ?rst current, IGLASS to the ion-speci?c 
electrode during a ?rst time period, 

c2) applying a second current, IREF, to the reference 
electrode during a second time period that is mutu 
ally eXclusive of the ?rst time period, 

c3) measuring a voltage, VGLASS, betWeen the ion 
speci?c electrode and the common electrode, 

c4) measuring a voltage, VREF, betWeen the reference 
electrode and the common electrode, 

c5) identifying the pH of the solution based on a 
difference betWeen the measured voltages VGLASS 
and VREF. 

2. The process of claim 1, Wherein the ?rst and second 
currents are substantially direct currents. 

3. The process of claim 2, Wherein the ?rst and second 
currents alternate betWeen positive and negative directions, 
Wherein steps (c1) and (c2) are performed by interleaving 
application of the ?rst and second currents to their respective 
electrodes so that the positive direction of the ?rst and 
second current occurs during mutually eXclusive time peri 
ods and the negative direction of the ?rst and second 
currents occurs during mutually eXclusive time periods. 

4. The process of claim 2, Wherein the ?rst and second 
currents alternate betWeen a ?rst state Wherein the respective 
current is off and a second state Wherein the respective 
current alternates betWeen ?rst and second ?oW directions, 
Wherein steps (c1) and (c2) are performed by interleaving 
application of the ?rst and second currents to their respective 
electrodes so that the ?rst current alternates betWeen its ?rst 
and second directions While the second current is off and the 
second current alternates betWeen its ?rst and second direc 
tions While the ?rst current is off. 

5. The process of claim 4, further comprising the step of 
applying a current spike to the second current Whenever the 
value of the second current changes from ?oWing to off. 
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6. The process of claim 2, wherein the ?rst and second 
currents alternate betWeen off and ?owing in ?rst and second 
directions, Wherein steps (c1) and (c2) are performed by 
interleaving application of the ?rst and second currents to 
their respective electrodes so that the ?rst and second 
currents How in the ?rst direction during contiguous time 
periods and the ?rst and second currents How in the second 
direction during contiguous time periods, and the ?rst cur 
rent is off during time periods that the second current ?oWs 
and the second current is off during time periods that the ?rst 
current ?oWs. 

7. The process of claim 6, further comprising the step of 
applying a current spike to the second current Whenever the 
value of the second current changes from ?oWing to off. 

8. The process of claim 2, Wherein the ?rst and second 
currents alternate betWeen ?oWing in ?rst and second direc 
tions and off, Wherein steps (c1) and (c2) are performed by 
interleaving application of the ?rst and second currents to 
their respective electrodes so that the ?rst current is applied 
to the ion-speci?c electrode in ?rst and second current 
directions While the second current is off and the second 
current is applied to the reference electrode in ?rst and 
second directions While the ?rst current is off. 

9. The process of claim 8, further comprising the step of 
applying a current spike to the second current Whenever the 
value of the second current changes from ?oWing to off. 

10. The process of claim 1, further comprising the step of 
calculating an impedance of the ion-speci?c electrode based 
on the ?rst current and the voltage measured in step (c3). 

11. Aprocess of minimiZing cross-talk betWeen a sensing 
electrode and a reference electrode of a sensor during a 
measurement of a process variable, the sensing electrode 
being in association With the process variable and designed 
to provide an electrical potential based on the process 
variable and the reference electrode being designed to 
provide a reference electrical potential and being coupled to 
the sensing electrode through the process variable, the 
sensor further having a common electrode in association 
With the process variable, the process comprising steps of 

a) applying a ?rst current, IGLASS to the sensing electrode 
during a ?rst time period; 

b) applying a second current, IREF, to the reference 
electrode during a second time period, the ?rst and 
second time periods being mutually exclusive, 

c) measuring a voltage, VGLASS, betWeen the sensing 
electrode and the common electrode, 

d) measuring a voltage, VREF, betWeen the reference 
electrode and the common electrode, and 

e) identifying the measurement of the process variable 
from the measured voltages. 

12. The process of claim 11, Wherein the ?rst and second 
currents are substantially direct currents. 
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13. The process of claim 12, Wherein the ?rst and second 
currents alternate betWeen positive and negative directions, 
Wherein steps (a) and (b) are performed by interleaving 
application of the ?rst and second currents to their respective 
electrodes so that the positive direction of the ?rst and 
second current occurs during mutually exclusive time peri 
ods and the negative direction of the ?rst and second 
currents occurs during mutually exclusive time periods. 

14. The process of claim 12, Wherein the ?rst and second 
currents alternate betWeen a ?rst state Wherein the respective 
current is off and a second state Wherein the respective 
current alternates betWeen ?rst and second ?oW directions, 
Wherein steps (a) and (b) are performed by interleaving 
application of the ?rst and second currents to their respective 
electrodes so that the ?rst current alternates betWeen its ?rst 
and second directions While the second current is off and the 
second current alternates betWeen its ?rst and second direc 
tions While the ?rst current is off. 

15. The process of claim 12, Wherein the ?rst and second 
currents alternate betWeen off and ?oWing in ?rst and second 
directions, Wherein steps (a) and (b) are performed by 
interleaving application of the ?rst and second currents to 
their respective electrodes so that the ?rst and second 
currents How in the ?rst direction during contiguous time 
periods and the ?rst and second currents How in the second 
direction during contiguous time periods, and the ?rst cur 
rent is off during time periods that the second current ?oWs 
and the second current is off during time periods that the ?rst 
current ?oWs. 

16. The process of claim 15, further comprising the step 
of applying a current spike to at least one of the ?rst and 
second currents Whenever the one current changes from 
?oWing to off. 

17. The process of claim 16, Wherein the current spike has 
a direction opposite the direction of the one current imme 
diately prior to the change to off. 

18. The process of claim 12, Wherein the ?rst and second 
currents alternate betWeen ?oWing in ?rst and second direc 
tions and off, Wherein steps (a) and (b) are performed by 
interleaving application of the ?rst and second currents to 
their respective electrodes so that the ?rst current is applied 
to the sensing electrode in ?rst and second current directions 
While the second current is off and the second current is 
applied to the reference electrode in ?rst and second direc 
tions While the ?rst current is off. 

19. The process of claim 11, Wherein the process variable 
is a pH of a solution. 

20. The process of claim 11, further comprising the step 
of calculating an impedance of the sensing electrode based 
on the ?rst current and the voltage measured in step 


