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Development of a Wide Range pH Sensor based on
Electrolyte-Insulator-Semiconductor Structure with

Corrosion-Resistant ALO5-Ta,0O5 and Al,05-ZrO 5
Double-Oxide Thin Films
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In order to develop a pH sensor having a wide pH response range from strong acid to strong alkali, electrolyte-insulator-
semiconductor capacitors using corrosion-resistapOMTa,O5 and ALO3-ZrO, double-oxide films as the insulator were fabri-
cated and their response characteristics to ahd alkali metal ions were examined. The sensors withOMTa,05 and
Al,O,-ZrO, films having an At cationic fraction of about 0.4 showed a wide linear pH response rangel&f to 13.0 and a

small alkali metal ion sensitivity. The use of the,®s-Ta,O5 film is suitable for increasing pH sensitivity and that of the
Al,O5-ZrO, film is promising for increasing corrosion resistance against strong alkali solutions.
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In the last three decades, much attention has been paid to thef metal oxide(MO) to alkali metal ions should be related to the
research and development of chemically sensitive field-effect de-association of surface hydroxyl grougs!OH) with alkali metal
vices such as ion-sensitive field-effect transistofiSFET9, ions (X")1315
electrolyte-insulator-semiconductofElS) capacitors, and light-
addressable potentiometric sens@tsAPS).! These devices can MOH + X = MO~ — X" + H” [1]
measure changes in the surface potential at the insulator/electrolyte
interface. When the insulator is an oxide or a nitride, such a®Al| or
Ta,0O5, and SiN,4, the field-effect devices show almost Nernstian
pH sensitivities This type of pH sensor has several advantages
such as rapid initial response, high input impedance, strong solid- ) ) ) )
state construction, and the possibility of miniaturization. It is there- WNere MO is a negatively charged surface site formed by the dis-
fore expected to find use in a variety of applications and to replacesocIatlon of th_e MOH group. The above ion exchange reactions
conventional pH-glass electrodes. However, pH-sensitive field-OcCuUr at pH higher than the point of zero chargeH(,) of the

effect devices up to now have been limited to some applicationsOXIde- Therefore, if an oxide with a highH,,; value is used as an

such asin vivo use of catheter-tip ISFETsso that the glass elec- insulator, the alkali metal ion sensitivity should be lowered. This

trodes are still dominant pH sensors in most applications. This isWIII be realized by using AC; as an insulator because T,

because the field-effect device pH sensors have some disadvantag&@lue of ALO; (8.8-9.4'°8 is higher than those of F&s
such as hysteresfs drift>>7 and photo-sensitivit§;'° which lower ~ (2.8-5.2'%1"9and zrQ (5.5-8.1.1%1":2°We have previously re-
the accuracy of the sensors. Furthermore, alkali metal ionported that the alkali metal ion sensitivity of an EIS capacitor pH
sensitivity'* and corrosiof? hinder the application to pH measure- sensor with a Zr@film is lower than that of the sensor with a;{
ment in strong acid and alkali solutions. In these solutions, ordinaryfilm.?! This reveals that the use of an oxide with a higi,, value
pH-glass electrodes cannot be used due to large acid and alka$iuch as AJO; is effective in reducing alkali metal ion sensitivity.
errors, though the alkali error arising from sodium ion sensitivity ~ The corrosion resistance of AD; in alkaline solutions is, how-
can be reduced by using a specially formulated lithium ion conduc-ever, lower than those of J@; and ZrQ,.?223 Because the thick-
tive glass. The field-effect device sensors will be applicable inness of insulator film of the field-effect device pH sensor is typically
strong acid and alkali solutions if insulator materials having low less than 100 nm, chemical dissolution of the film significantly
alkali metal ion sensitivity and high corrosion resistance are devel-shortens the lifetime of the senséiThe corrosion resistance of the
oped. Recently, several companies have offered pH-ISFET sensor§sulator oxide should be improved for use of the sensor over a wide
which achieve almost Nernstian response over a wide pH range ofH range. The improvement of the corrosion resistance by combin-
1-13, small acid and alkali errote.g, ApH < 0.2in 1L M HCland "9 Al20s and TaOs or ZrG, is thought to be promising because
1 M NaOH), and high stability. In hot NaOH solution, however, the ©Ur Previous studies show that R);-Ta,05 and ALO;-ZrO;
lifetime of commercially available pH-ISFETs is greatly reduced by double-oxide films having A" cationic fractions of less than 0.4
the dissolution of insulator materials. In order to extend the appli-Navé good corrosion resistance comparable to sing®sTand
cation area of field-effect device pH sensors, it is still required to ZrQz films.”* . :
develop insulator materials having high corrosion resistance, high . 1€ Objective of the present study is to develop field-effect de-
pH sensitivity, low alkali metal ion sensitivity, and high stability. vice pH sensors_ha_vmg a W'd.e pH response range and a low alkal
It has been reported that in the absence of alkali metal ions aﬁnetal ion_sensitivity by using AD5-Ta,05 and ALOs-Zr0O,

. . ! . ) double-oxide films as the pH-sensitive insulator. A metallorganic
ISFET W't.h a TaQs insulator film SEOWS an ideal Nc_err]stlan PH chemical vapor depositiofMOCVD) technique was employed to
response in the pH range of7 to 13.7.- However, a deviation from

) i ' b g form the double-oxide films, and EIS capacitors to examine sensing
Nernstian response is observed when ldns exist in solutions of  characteristics of the films. ISFETs seem to be more suited as prac-
pH > 7, and Nd and K' ions in those of pH> 12. The sensitivity  tical sensors because of their possibility of miniaturization and com-
patibility with integrated circuit technology. However, it is necessary
to make a good encapsulation for protecting electrical connections
* Electrochemical Society Active Member. of FETs from the attack of corrosive solutions including strong acid
Z E-mail: haran@material.tohoku.ac.jp and alkali. EIS capacitors can avoid such a limitation and their fab-

MO~ + X" = MO~ — X* (2]
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Table I. Composition and pH of solutions used for pH response Electrolyte inlet o RE _
tests. The pH values were measured at 25°C by using a platinum- loce  Potentiostat
hydrogen electrode and a pH-glass electrode. OWE g
Reference electrode £=V1k:1020 v Y 7T v ﬂ‘ g
= m -
Composition oH (Ag/AQCI(3.33M KCI)) p.po Y 'y % £
Test cell F.G.output X Y 3 £
10 M H,SG, —-1.90 Frequency response £ 13
3 M H,S0, —0.49 Electrolyte analyzer ¢ | ¢
1 M H,SO, 0.13 i | g
0.1 M H,S0, 1.01 Electrolyte 3
outlet Personal AD,D/IA| | B
IINHES 0tz nap s o e | &
. ) + 0. al % . ) R
0.15 M NaHPO, 4.44 Ell_isszgpsi?tor L_I
0.075 M NaHPQO, + 0.075 M NgHPQ, 6.79 Egr?gglack VeeC e N ] |
0.15 M NgHPQ, 9.17 Suppor el " frxE,_am;x
0.03 M NgHPOQ, + 0.12 M NaPO, 11.11 ret™ “psf
0.15 M NaPQ, 12.47 _ _
0.1 M NaOH 13.10 Figure 1. Schematic of apparatus used for pH response test.
1.0 M NaOH 13.93
3.0 M NaOH 14.39
10.0 M NaOH 15.53 these solutions were measured by using a platinum-hydrogen elec-

trode and a pH-glass electrode. Alkali metal ion sensitivity was ex-

amined in mixed solutions of 0.1 M NB,O, and 0-1000 mM LiCl.
rication processes are simpler than those of ISFETshas been  The solutions containing 0-100 mM LiCl have the same pH value of
proved that the results obtained by using EIS capacitors are tran$.3, and that containgi1 M LiCl has a slightly lower pH value of
ferable to ISFETS. 8.8. All the solutions were used without deaeration.

Experimental Examination of pH and alkali metal ion sensitivitiesFigure 1

Fabrication of EIS capacitor pH sensorsA p-ype (100 sil- e 20 & BRI E Bl e tbR e e et cel. The.
con wafer with a specific resistivity of 10-12 cm was used as the gensor was held to the bottom of the cell by a Viton O-rin and a
substrate of the EIS capacitors. The gate insulator had a double lay%lamp Capacitance-voltag€-V) and constan)f[ capacitan(;é(gN-
structure composed of a lower layer of $i@nd an upper layer of - p) measurements were performed by use of a setup consisting of
Al205-Ta,05 or Al,05-Zr0, . The SIQ layer was grown to athick- 5 frequency response analyzer, a potentiostat, a personal computer,
ness of 50 nm by thermal oxidation at 950°C in a wet-oxygen at-anq 5 feedback control circuit. The gate voltage to the EIS structure
mosphere. After removing the Sj@n the back-side of the wafer \yas applied through a Ag/Ag@.33 M KC) reference electrode. In
with a 10% HF solution, gold was evaporated to form an ohmic he measurement of C-V curves the gate voltage was scanned from
contact and the wafer was annealed for 30 min at 350°C under a5 g 2 v at a rate of 15.26 mVJ/s. An ac voltage with an amplitude
nitrogen flow. The AJO;-Ta,0s and ALO;-ZrO, films were then  of 100 mVp-p and a frequency of 1 kHz was superimposed on the
deposited on the front side of the wafer by using a cold wall low- gate voltage to measure the capacitance. The change of the surface
pressure MOCVD apparatus described in a previous Fageumi- potential at the electrolyte/insulator interface can be evaluated as a
num triisopropoxide[ Al(O-i-C3Hy) 4], tantalum penta-methoxide voltage shift of the C-V curve. In the present study the voltage
[Ta(OCHg)s], and zirconium tetraisopropoxidZr(O-i-C3Hy) 4] required to achieve a preset capacitanCg,, which is approxi-
were used as precursors and heated at 100, 120, and 170°C, respggately 60% of the maximum capacitan@@,,, is defined as the
tively. Nitrogen (99.999 vol % was used as a carrier gas of the response voltaga/s. The response voltage can be recorded directly
precursors and oxyge(99.9 vol % as a reactant gas. The compo- py the CONCAP methof® in which the feedback control circuit
sition of the films was controlled by the flow rate of carrier gas for adjusts the gate voltage to keep the measured capacitance at a con-
each precursor. The thickness of the films was adjusted to about 1085t vajue 0Cps.
nm by ellipsometric monitoring of the film growtrt.All the films The sensor was first stabilized for a few hours in a neutral phos-
were deposited at 350°C and used without post-heat-treatment. Thﬁhate buffer solution of pH 6.79, after which the C-V curve was
chemical composition of the fims was determined by chemical jaasured and a preset capacitance value for the CONCAP method
analysis?>?* The cationic mole fraction of constituent metal ele- 4c jetermined. The pH was then changed stepwise in the acid or
ments, Xy , was calculated from their mass in the filnW), . For  gikalj direction. The response voltage was recorded by the CONCAP

example, the cationic mole fraction of Ta in the,@k-Ta,Os film,  method for five minutes at each intermediate pH value. After the
Xta, is defined by the following equation measurement at the extreme pH value-ef.90 or 15.53, the pH
was stepped to the initial value of 6.79. The C-V curve was mea-
X1a = (Wral Mo/ (Wi /M gy + W/ M) [3] iy

sured again and compared with the initial one. The measurements of
alkali metal ion sensitivity started after the sensor was stabilized in
the neutral phosphate buffer solution. The change in the response
voltage was measured as a function of LiCl concentration in 0.1 M

9Na,B,0; solutions by the CONCAP method. All measurements
were performed at 25°C in the dark.

whereM ,, and M, are atomic weight of Al and Ta, respectively.

Micro- and crystal structures of the AD;-Ta,Og5 and
Al,O3-ZrO, films have been examined in previous studies usin
transmission electron microscopy and electron diffractfcft. The
results show that the AD;-Ta,Oy films with X1, values between
0.0 and 1.0 have homogeneous amorphous structtirdhe Results and Discussion
Al;03-Z10, fll_ms Of Xr = 0'9'0'85 are also amc_;rphoug and homo- pH response characteristics of sensors with@d, Ta,Os and
geneous, while those ok, = 0.86—1.00 consist of fine crystal . e )

; . Zr0, single-oxide films—The C-V curves of EIS capacitor pH sen-
grains having a tetragonal structdre. : . ; .

sors with ALO3, Ta,O5 and ZrG films were measured in solutions

Electrolytes—The pH response of the EIS capacitor sensor washaving different pH values. As reported in a previous papéne
examined in HSO,, NaOH and phosphate buffer solutions, whose C-V curves of the sensors with J@; and ZrQ films shifted along
composition and pH values are listed in Table I. The pH values ofwith the voltage axis towards higher values with increasing solution
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Figure 2. C-V curves of EIS capacitor sensor with,8l; insulator film in

solutions with different pH values.
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Figure 4. Change in response voltagkVg, as a function of LiCl concen-
tration, X, in 0.1 M NgB,O; + 0-1000 mM LiCl solutions for EIS capacitor
sensors with AIO;, Ta0s, and ZrG films.

pH. There was little or no change in the maximum capacitance PH was changed stepwise in the alkaline direction. When the pH is
Cumax, Which corresponds to the capacitance of the oxide film. It is increased in the range of 6.79-11.11, the C-V curve shifts to higher

therefore suggested that,{2 and ZrG films do not dissolve when

voltages due to pH response. T@g,,, value remains constant for

exposed to the test solutions listed in Table | for a short period ofth® change in pH from 6.79 to 9.17, but increases slightly for that

time. In contrast to these oxide films, A&); films undergo dissolu-

from 9.17 to 11.11, suggesting that dissolution of thgGAl film

tion when exposed to alkali solutions. Figure 2 shows the change irftarts around pH 11. When the pH is increased from 11.11 to 12.47,

C-V curves with solution pH for the sensor with an,@® film. The
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Figure 3. Response voltagd/g, as a function of solution pH for EIS ca-

pacitor sensors with AD;, Ta0s5, and ZrG films.

the C,,ax Value increases significantly. A further increase in pH has
no influence on C-V characteristics. It is therefore suggested that the
Al,Os film dissolves away around pH 12.5, and the underlying,SiO
film is exposed to the solutions having pH values higher than 12.5.
The response voltag&/gz, which is defined as the voltage re-
quired for achieving a preset capacitar@g(=0.6G,), was mea-
sured by the CONCAP method described in the experimental sec-
tion. Figure 3a, b, and c show the value\tf as a function of pH for
the sensors with single oxide films of A, Ta0Os5, and ZrQ,
respectively. Linear pH response ranges can be seen for all the films
examined. To determine the pH response range of each sensor, we
define the acidic and alkaline pH limits as the pH values at which
errors due to the deviation from a line®dg vs. pH relationship
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Figure 5. C-V curves of EIS capacitor sensor with ,8;-Ta,Og insulator
film in solutions with different pH values.
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-0.6+ 1 Figure 7. Change in response voltagkVg, as a function of LiCl concen-
tration, X, in 0.1 M NgB,O; + 0-1000 mM LiCl solutions for EIS capacitor
i sensors with AlO;-Ta,Os insulator films having various Ta cationic frac-
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P mately the same pH value.8-9.3. The change in the response

Figure 6. Response voltagéd/g, as a function of solution pH for EIS ca- voltage due to an increase in LiCl concentratiary/r, was evalu-
pacitor sensors with AD;-Ta,05 insulator films having various Ta cationic  ated with respect to th€g value measured in the solution contain-
fractions,Xr,. ing no LiCl (pH 9.3. The solution containigp 1 M LiCl had a low

pH value (pH 8.8 compared with those containing less than 100

mM LiCl (pH 9.3, so that theA Vg values measured in the former
exceed 0.2 pH unit. Thus determined linear pH response ranges a@lution include the component due to pH response. This component
shown in Fig. 3. The linear pH response ranges fosOka(pH can be evaluated from the pH sensitivity determlne_d in Fig. 3, and
—2.0-11.5 and ZrG (pH 0.0-12.0 are wider than that for AD; then subtracted from the measurg¥y value to provide the com-
(pH 0.5-11.0. The pH sensitivity of TsOs (56.2 mV/pH is higher ponent due to the response_to*Liiong. Figure 4 sh_ows thus cor-
than those of AIO; (51.5 mV/pH and ZrG, (51.0 mV/pH. Among rectedA_VR \_/alues as a fgnctlon of LiCl concentration for the_ sen-
the three oxide films examined, the, T film is the most promising ~ SOrS With single oxide films of ADs, T&0s, and ZrQ. It is
insulator because it has a relatively wide pH response range and @vident from this figure that AD; is insensitive to LT ions around
high pH sensitivity. However, the alkaline pH limit for the sensor PH 9, while TaOs and ZrQ are sensitive. Among the three oxides
with Ta,05 (pH 115 is comparable to that for ordinary pH-glass examined, Ta0s has the highest sensitivity to Liions. These re-
electrodes(pH 11-12. It is therefore required to improve pH re- sults can be explained in terms of the differenc@ i, among the
sponse characteristics in alkaline solutions without deteriorating corthree oxides. Th@H,, value increases in the following order
rosion resistance.

The deviation from a lineav'g vs.pH relationship for the A0, Ta,05(2.8-5.216171%9< 7r0,(5.5-8.716:17:20
film in alkali solution was due to dissolution of the film. The corre-
sponding deviation observed for ;1as and ZrQ films should arise < Al,04(8.8-9.41618

from alkali metal ion sensitivity. However, it is difficult to evaluate

the magnitude of alkali metal ion sensitivity from Fig. 3, because Because the plj. value of ALOj; is very close to the pH value of
both the N& ion concentration and pH value are changed simulta-the test solution(pH 8.8 to 9.3, this oxide should have a trace
neously in the alkali solutions used for the pH response(fiedile amount of positively charged surface sites (M6ites in Eq. 1 and
I). Therefore, alkali metal ion sensitivity was examined in mixed 2), at which alkali metal ions adsorb. In contrast,®@a has a low
solutions of 0.1 M NaB,O; and 0-1000 mM LiCl having approxi-  pHp,. value and thus serves a significant amount of Msites for

Table 1l. Summary of pH response characteristics for EIS capacitor pH sensors with AlO;-Ta,Os films.

Thinning rate(nm/9??

Film composition pH sensitivity Liner pH response Li* ion

Xta (mV/pH) rangé sensitivity (mV) 6 M HCI 1 M NaOH
0.00 (ALOs) 51.5 0.5-11.0 0 2 x 1072 4
0.34 55.9 0-13.5 -7 3 x 10°° 1x10°3
0.63 56.8 -1.5-135 —18 <3 x 10°° 8 x 108
0.80 56.9 -1.5-12.5 -32 <3 x 10°° 8 x 10°®
1.00 (T30s) 56.2 -2.0-115 —-48 <3 x 10°° 8 x 107°

apH range in which measurement error is less than 0.2 pH unit.
b Response to Ui ion concentration change from 6 L M at pH8.8.
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Figure 8. Response voltagéd/g, as a function of solution pH for EIS ca-
pacitor sensors with AD;-ZrO, insulator films having various Zr cationic

fractions, Xz, .

with pure ALO; film. The sensors with AlD;-Ta,Og films of X,
0.34-0.80 show wide pH response ranges. Among them, the film
of X1, = 0.63 has the widest pH response range of pH-1.5-13.5.
Figure 7 exhibits the change in the response voltadé;, mea-
sured as a function of LiCl concentration in 0.1 M /830, solu-
tions for the sensors with AD;-Ta,O5 films. The AVg value in-

adsorption of alkali metal ions. This should be responsible for thecreases with increasing LiCl concentration. At a given LiCl
observed high Li ion sensitivity of TaOs. Although Li* ions are
normally not in sample solutions and Neand K" ions cause
smaller interference than tiions!it is feared that the sensors with however, less than 7 mV in the Liconcentration range of 1-100

Ta,0s and ZrQ, films may cause large errors in measured pH in an MM. The response voltage of 7 mV leads to an error of about 0.1 in
alkaline solution containing concentrated alkali metal ions.

pH response characteristics of sensors with,@d-Ta,Og

concentration the alkali metal ion sensitivity becomes larger with
increasingX,. The sensitivity of the films witiX., = 0.34-0.63 is,

measured pH values.
The pH response characteristics of the sensors wigATa,O5
films are summarized in Table I, where pH sensitivity, linear pH

double-oxide films—The change in C-V curves with solution pH for response range, alkali ion sensitivity for 1 M*Lat pH 8.8, and film
the sensor with an AD;-Ta,05 film of X, = 0.63 is shown in  thinning rates in 6 M HCl and 1 M NaOH at 25*€are listed. The
Fig. 5. The C-V curve shifts to higher voltages with increasing so- pest film composition for a wide range pH sensor is thought to be
lution pH. The C, value remains constant in the pH range of x. = 0.63 because the film with this composition unites a high pH

—0.49 to 13.93, indicating no dissolution of the film. The sensitivity, a wide pH response range, a low alkali metal ion sensi-
Al,05-Ta,O5 and ALO3-ZrO, films with X, values lower than 0.5 tivity, and good corrosion resistance.

did not dissolve in the test solutions having pH-1.90-15.53. On the The pH sensitivity is low for the film oK1, = 0 (Al,03), while
other hand, the films withX, values larger than 0.4 underwent it increases toward the Nernstian valf&®.1 mV/pH at 25°¢ with
dissolution in strong alkali solutions having pH values higher thanincreasingXTa up to 0.63. According to the models developed to
14. describe the pH response of a field-effect device sensor with an
Figure 6 shows the response voltaifg, as a function of solu-  oxide insulator film, the pH sensitivity of the sensor is primarily
tion pH for the sensors with AD;-Ta,O5 films having differentX, determined by the following oxide-dependent parameters: the num-
values. The measuréd, values were normalized in such a way that ber of surface groups\, and the equilibrium constants of disso-

Table Ill. Summary of pH response characteristics for EIS capacitor pH sensors with AJO5-ZrO, films.

Li* ion Thinning rate(nm/9%

Film composition pH sensitivity Liner pH response sensitivity

Xz (mV/pH) rangé (mv) 1MHCI 1M NaOH
0.00 (ALO5) 51.5 0.5-11.0 0 2 X 1072 4
0.37 52.7 0.0-135 -6 7 x 10°° 5x 1073
0.52 52.8 —1.0-13.0 -15 <3 x 10°® 3x 10
0.63 52.3 —1.5-13.0 -15 <3 x 10°° <3 x 10°°
1.00 (2rQy) 51.0 0.0-12.0 -31 <3 x 10°® <3 x 107°

apH range in which measurement error is less than 0.2 pH unit.
b Response to Ui ion concentration change from 6 L M at pH8.8.
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ciation and protonation reactions of surface hydrox©H in Eq.

1), K, andK,,.2628 A high pH sensitivity is achieved as the oxide
has a large value df or a large value oK K;,, which is equivalent
to a small value ofApK(=pK, + pKy).2%?® The sub-Nernstian
response of the sensor wiXy, = 0 can be explained in terms of
low Ng and highApK values for AbO; (Ng = 8 X 10 cm™3,
ApK = 4)?"28 and a marked increase in the pH sensitivity with
increasingX, is attributed to the effect of T®5 having highNg and
low ApK values (Ng = 10 X 10 cm™3, ApK = 2)2"28

2. The sensor with the AD3-Ta,O5 film of X1, = 0.63 shows a
wide pH response range of1.5 to 13.5, a high pH sensitivity of
56.7 mV/pH and a low alkali metal ion sensitivity.

3. The sensor with the AD;3-ZrO, film of Xy, = 0.63 shows a
wide pH response range 6f1.5 to 13.0, a high pH sensitivity of
52.3 mV/pH and a low alkali metal ion sensitivity.

4. The ALO;-Ta,O5 and ALOs-ZrO, films provide comparable
pH response range and alkali metal ion sensitivity if the oxide com-
position is optimized, while the former film is effective in increasing
pH sensitivity and the latter one effective in increasing corrosion

pH response characteristics of sensors with ,@4-ZrO, ) c :
resistance against strong alkali.

double-oxide films—Figure 8 shows the response voltayg, as a

function of solution pH for the sensors with A;-ZrO, films hav- Tohoku University assisted in meeting the publication costs of this ar-

ing variousXz, values. The sensors with ADs-ZrO, films of X,
= 0.37-0.63 show wide pH response ranges. Among them, the film
with Xz, = 0.63 has the widest linear response range of pH-1.5-

13.0. 1.
Figure 9 exhibits the change in the response voltagé;, mea- 2.
sured as a function of LiCl concentration in 0.1 M 4830 solu- 8.

tions for the sensors with AD5-ZrO, films. The alkali metal ion
sensitivity becomes larger with increasiXg,. The sensitivity of

the films with X,, = 0.37-0.63 is, however, close to that of pure 5.
Al,O5 in the LiCl concentration range of 1-100 mM. The use of 6.

these films as insulators should minimize errors due to alkali metal ”- X
8. W. Wlodarski, P. Bergveld, and J. A. Voorthuyz&ens. Actuators), 313(1986.

9. J. A. Voorthuyzen and P. Bergvel8ens. Actuators Bl, 350(1990.
10.

ion sensitivity.

The pH response characteristics of the sensors wig®AKZrO,
films are summarized in Table Ill, where pH sensitivity, linear pH
response range, alkali ion sensitivity for 1 M'Lat pH 8.8, and film
thinning rates in 1 M HCl and 1 M NaOH at 253%31re listed. The
best composition for a wide range pH sensor is thought tXhe

sensitivity, a wide pH response range, a low alkali metal ion sensi-

tivity, and good corrosion resistance. A comparison between the datas.
listed in Tables Il and IIl suggests that the linear pH response rangeé.

and alkali metal ion sensitivity for the sensor with the®@4-Ta,Og 17-
film of X, = 0.37 (X1, = 0.63) are comparable to those for the 13'
sensor with the AIO;-ZrO, film having the sameXy (Xz 20,

= 0.63). However, the former sensor has higher pH sensitivity, anc1.
the latter one better corrosion resistance against strong alkali solu22.

tions.

The results of the present study strongly suggest that the use of g

double-oxide film as a pH-sensitive insulator is effective in satisfy-

ing different requirements such as high pH sensitivity, low alkali o4,

metal ion sensitivity, and high corrosion resistance, which cannot be
united by using a single oxide film.

Conclusion
and

1. EIS capacitor pH sensors using ,8k-TaOs

Al,O3-ZrO, double-oxide films as insulator layers have been devel- g,

oped.

4.

11.

12.

. . . . . R 13. C.-P. Huang and W. Stumnd, Colloid Interface Sci.43, 409 (1973.
= 0.63 because the film with this composition unites a high pH 14 o aor3

25.
26.

27.

ticle.
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