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BIOSENSOR, METHOD OF MANUFACTURING 
SENSING UNIT THEREOF, AND MEASURING 

SYSTEM 

BACKGROUND 

[0001] The invention relates to a biosensor, and in par 
ticular to a biosensor having an extended gate ?eld effect 
transistor (EGFET) structure With a urea layer immobilized 
on a tin oxide layer. 

[0002] The ?rst ion sensitive ?eld effect transistor (ISFET) 
Was fabricated by P. Bergveld in 1970. The ISFET unlike the 
MOSFET has no metal gate electrode. Silicon dioxide 
(SiO2) Was ?rst used as a pH sensitive membrane for the 
ISFET. Subsequently, A1203, Si3N4, Ta2O5, and SnO2 Were 
used as a pH sensitive membrane due to their higher pH 
response. 

[0003] The earliest suggestion of the concept of an 
enZyme modi?ed FET (EnFET) sensor device appears to be 
that of Janata and Moss. They described a penicillin respon 
sive sensor Which comprises a matched pH-responsive 
ISFET pair, one device having an overlying, active gate ?lm 
of the cross-linked albumin-penicillinase, and the other 
having a reference gate membrane of only cross-linked 
albumin. When penicillin Was present in the analysis, the 
penicillinase present in the active gate material catalyZed the 
hydrolysis of penicillin to penicilloic acid, Which released 
protons and created a local decrease in pH, Whereas the 
reference gate remained unaffected. Several applications for 
the EnFET, such as the glucose, urea, acetylcholine, and 
alcohol exist. 

[0004] A number of patents relating to ISFETs are listed 
hereinafter. 

[0005] US. Pat. No. 6,218,208 discloses a sensitive mate 
rial tin oxide (SnO2) obtained by thermal evaporation or by 
R.F. reactive sputtering, used as a high pH-sensitive material 
for a multi-structure ISFET. 

[0006] US. Pat. No. 5,602,467 discloses a circuit layout 
for measuring ion concentrations in solutions using ISFET. 
The circuit layout makes it possible to represent the thresh 
old voltage difference of the tWo ISFETs directly and 
independently of technological tolerances, operationally 
caused parameter ?uctuations, and ambient in?uences. 

[0007] US. Pat. No. 5,387,328 discloses a biosensor 
employing an ISFET comprising a source and a drain 
formed in a substrate, an ion sensitive gate placed betWeen 
the source and drain, an ion sensitive ?lm formed on the ion 
sensing gate, an immobiliZed enZyme membrane de?ned on 
the ion sensitive ?lm and, a Pt electrode formed on the ion 
sensitive ?lm. The sensor has a Pt electrode capable of 
sensing all biological substances that generate H2O2 in the 
enZyme reaction, Whereby are achieved the high sensitivity 
and rapid reaction time. 

[0008] US. Pat. No. 5,350,701 discloses a process for 
producing a surface gate comprising a selective membrane 
for an integrated chemical sensor comprising a ?eld effect 
transistor, and the integrated chemical sensor thus produced, 
Wherein the surface gate is particularly sensitive to alkaline 
earth species, and more particularly, sensitive to the calcium 
ion. The process comprises forming grafts on the surface 
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gate, and making the grafts operative utiliZing phosphonate 
based, ion-sensitive molecules. 

[0009] US. Pat. No. 5,309,085 discloses a measuring 
circuit With a biosensor utiliZing ion sensitive ?eld effect 
transistors integrated into one chip. The measuring circuit 
comprises tWo ion sensitive FET input devices composed of 
an enZyme FET having an enZyme sensitive membrane on 
the gate and a reference PET, and a differential ampli?er for 
amplifying the outputs of the enZyme PET and the reference 
FET. 

[0010] A variety of materials are knoWn to be capable of 
serving as the sensing ?lm of an ISFETs, such as, A1203, 
Si3N4, a-WO3, a-CzH, and a-SizH, etc. The manufacture of 
sensing ?lms is typically accomplished by deposition, such 
as, sputtering or plasma enhanced chemical vapor deposition 
(PECVD), therefore, the cost is relatively high and the time 
required for thin ?lm fabrication is long. 

[0011] Thus, an easily fabricated, loW cost ISFET and the 
sensing ?lm thereof, eliminating packing problems, are 
desirable. 

SUMMARY 

[0012] Accordingly, the biosensor according to the inven 
tion, having an extended gate ?eld effect transistor structure, 
comprises a metal oxide semiconductor ?eld effect transis 
tor, a sensing unit, and a conductive Wire. The metal oxide 
semiconductor ?eld effect transistor is formed on a semi 
conductor substrate. The sensing unit comprises a substrate, 
a silicon dioxide layer on the substrate, a tin oxide layer on 
the silicon dioxide layer, and a urease layer immobiliZed on 
the tin oxide layer. The conductive Wire connects the MOS 
FET and the sensing unit. 

[0013] The method of manufacturing a sensing unit 
according to an embodiment of the invention comprises the 
steps of providing a conductive substrate; forming a silicon 
dioxide layer on the conductive substrate; forming a tin 
oxide layer on the silicon dioxide layer; electrically con 
necting the conductive substrate With a conductive Wire; 
forming an insulating layer on the surface of the sensing unit 
and exposing part of the tin oxide layer and part of the 
conductive Wire; and immobiliZing a urease layer on the 
exposed part of tin oxide layer by gel entrapment. 

[0014] The measuring system according to an embodi 
ment of the invention comprises a biosensor as described 
above; a reference electrode for supplying a stable voltage; 
an instrumentation ampli?er having tWo inputs and one 
output, Wherein the tWo inputs are connected to the biosen 
sor and the reference electrode, respectively; a high-resis 
tance multimeter connected With the output of the instru 
mentation ampli?er; and a computer connected With the 
high-resistance multimeter through a communication inter 
face card to store, process, or analyZe data. 

[0015] The biosensor according to an embodiment of the 
invention has the advantages of short response time, simple 
packing, easy manufacture, and loW cost. When compared 
With conventional FET, this biosensor is more stable, pro 
vides better current-leakage protection, and higher sensitiv 
ity. In one embodiment of the invention, the biosensor may 
have a sensitivity of 58 mV/pH and better linearity in a 
solution having a pH value in the range of 1 to 9, and may 
be used as a disposable sensing structure. 
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[0016] In the method according to embodiments of the 
invention, a gel entrapment is performed by immobilization 
of an enZyme With a photosensitive polymer on an ion 
sensitive ?lm, thus the ISFET is favorably used in biosen 
sors. In addition, a commercialized SnO2/SiO2/glass can be 
directly used to manufacture the enZyme sensing ?lm, thus 
manufacturing is simpli?ed and cost is reduced. 

[0017] In embodiments of the invention, the sensing struc 
ture is disposable, thus eliminating problems of enZyme loss 
due to long-term use and cross contamination. 

[0018] A detailed description is given in the folloWing 
embodiments With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Embodiments of the invention can be more fully 
understood by reading the subsequent detailed description 
and examples With references made to the accompanying 
draWings, Wherein: 

[0020] FIG. 1a shoWs a cross-section of the biosensor of 
an embodiment of the invention. 

[0021] FIG. 1b shoWs a cross-section of the sensing 
structure before the deposition of urease, of an embodiment 
of the invention. 

[0022] FIG. 1c shoWs a package of the sensing structure 
of an embodiment of the invention. 

[0023] FIG. 2 shoWs the structure of the urea biosensor 
measurement system of an embodiment of the invention. 

[0024] FIG. 3a shoWs the IDS versus VG curves of the 
sensitive ?lm at the different pH values in an embodiment of 
the invention. 

[0025] FIG. 3b shoWs the VG versus pH curve of the 
sensitive ?lm at the different pH values in an embodiment of 
the invention. 

[0026] FIGS. 4a-4e shoWs the voltage variation With 
respect to urea solutions having concentrations of 1.25, 10, 
40, 80, and 120 mg/dl, respectively, of the urea biosensor of 
an embodiment of the invention. 

[0027] FIG. 5 shoWs the correcting curve betWeen 1.25 
mg/dl and 120 mg/dl urea solutions of urea biosensor. 

DETAILED DESCRIPTION 

[0028] The biosensor according to the invention has an 
extended gate ?eld effect transistor structure. The sensing 
?lm extended from the gate of the ISFET such that the metal 
oxide semiconductor ?eld effect transistor components can 
be separated from a tested solution to avoid the instability of 
the semiconductor and the signal interference from the 
solution. In an embodiment of the invention, the urease is 
immobiliZed by means of gel entrapment and forms a 
component of a sensing ?lm. The sensing ?lm can be used 
to determine the concentration of hydrogen ion or urea in a 
solution. 

[0029] The biosensor according to an embodiment of the 
invention is illustrated in FIGS. 1a-1c. Referring to FIG. 1a, 
the biosensor 110 having an extended gate ?eld effect 
transistor structure comprises a metal oxide semiconductor 
?eld effect transistor, a sensing unit, and a conductive Wire. 
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[0030] The metal oxide semiconductor ?eld effect transis 
tor 112 (shoWn as an electric circuit) is on a semiconductor 
substrate (not shoWn) Which may be N- or P-type. 

[0031] The sensing unit comprises a substrate 101, a 
silicon dioxide layer 102, a tin oxide layer 103, and a urease 
layer 109. The substrate can be a conductive glass, such as 
an indium tin oxide (ITO) glass. The silicon dioxide is 
formed on the substrate With a thickness of 1000 A to 2000 
A and may function as a buffer alloWing deposition of tin 
oxide on the glass. Tin oxide layer has a thickness of 2000 
A to 3000 A and is formed on the silicon dioxide layer. The 
substrate, the silicon dioxide layer, and the tin oxide layer 
may available from a commercial product, such as SnO2/ 
SiO2/glass, Kuanghua Development technical corporation, 
TaiWan, under the trademark TO-3030, for facilitating 
manufacture. The urease layer is formed by photopolymer 
iZation of a mixture of a photosensitive polymer and urease 
in a phosphate buffer solution. The photosensitive polymer 
and the urease are in a ratio ranging from 30:1 to 5:1, 
preferably 25:1 to 15:1, and more preferably about 20:1 by 
Weight. Furthermore, an insulating layer, for example, epoxy 
resin, may be formed on the surface of the sensing unit to 
seal the sensing device but expose part of the urease layer for 
the contact With the tested solution (not shoWn) and part of 
the conductive Wire for electrical connect. 

[0032] The conductive Wire 105 connects the metal oxide 
semiconductor ?eld effect transistor 112 and the sensing unit 
110. The Wire material is the metal, such as, aluminum. 

[0033] Brie?y, the measurement of ion concentration of an 
acid or base solution is attained by transforming the charge 
of hydrogen ions adsorbed on the sensing ?lm of the 
extended gate ?eld effect transistor into electrical signals, 
using the signals to control the Width of the channel of 
MOSFET, and then determining the concentration of the 
tested hydrogen ions by the magnitude of the electric 
current. 

[0034] In the determination of the urea concentration of a 
solution, When urea reacts With the urease on the sensing 
?lm, OH- or H+ ions are produced through hydrolysis, the 
EGFET Will change voltage corresponding to the pH value 
of the solution, and thus the urea concentration can be 
knoWn from the electric signals produced by the ISFET. The 
hydrolysis of urea is as folloWs: 

[0035] In the method of manufacturing a sensing unit 
according to an embodiment of the invention, the steps of 
providing a conductive substrate, forming a silicon dioxide 
layer on the conductive substrate, and forming a tin oxide 
layer on the silicon dioxide layer can be accomplished by 
simply providing a commercially available SnO2/SiO2/glass 
106 product to simplify manufacturing and save time and 
reduce cost, or accomplished step by step as desired. The tin 
oxide layer can be deposited on the silicon dioxide layer by 
chemical vapor deposition (CVD). The deposition tempera 
ture may be 250 to 600° C., preferably 580 to 600° C. The 
layer has a thickness of preferably 0.2 to 0.3 pm and a 
resistance of 20 to 30 Q/El. For example, tin tetrachloride 
and Water are used to produce tin oxide layer. The reaction 
is shoWn as folloWs: 
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[0036] The silicon dioxide layer can be deposited on the 
substrate by CVD at a temperature of preferably 580 to 600° 
C. The thickness is preferably 100 to 300A. 

[0037] Referring to FIG. 1b, after the SnOZ/SiOZ/sub 
strate is prepared or obtained, the tin oxide layer is con 
nected to the conductive Wire 105. The surface of the 
resultant is preferably sealed With an insulating layer 104, 
While part of the tin oxide layer is exposed for coating urease 
as a detecting WindoW and part of the conductive Wire is 
exposed for connecting the gate of the metal oxide semi 
conductor ?eld effect transistor. 

[0038] Next, a urease layer is immobilized on the exposed 
part of the tin oxide layer by gel entrapment. The gel 
entrapment is performed by mixing the photosensitive poly 
mer and the urease in a phosphate buffer solution, photo 
polymeriZing the resulting mixture, and then placing the 
resultant in the dark at a loW temperature for a proper time, 
thereby the urease is immobiliZed on the tin oxide layer. The 
photosensitive polymer may be, for example, a polyvinyl 
alcohol, Which may have a styrylpyridinium group, such as 
PVA-SbQ. The photosensitive polymer and the urease are 
used in a ratio ranging from preferably 30:1 to 5:1, more 
preferably 25:1 to 15:1, and most preferably about 20:1 by 
Weight. For example, the ratio may be in the range of 300 
mg/100 pl PBS:10 mg/100 pl PBS to 50 mg/100 pl PBS:10 
mg/100 pl PBS, preferably 250 mg/lOO pl PBS:10 mg/lOO 
pl PBS to 150 mg/100 pl PBS:10 mg/100 pl PBS. In the 
photopolymeriZation, urease (in 5 mM phosphate buffer 
solution, pH 7) and photosensitive polymer (in 5 mM 
phosphate buffer solution) are radiated to react. The radia 
tion may be UV light, such as, a UV light With a Wavelength 
of 365 nm. After the photopolymeriZation, the result may be 
placed in the dark, for example, a dark box, at a loW 
temperature of, for example, 4° C. to —10° C., for a proper 
time, and thus the immobiliZation of urease on the tin oxide 
layer, as Well as the sensing unit, is accomplished, as shoWn 
in FIG. 1c. Note that, in the gel entrapment, White light 
should be avoided to prevent self photopolymeriZation of the 
enZyme. 

[0039] The sensing unit can be placed directly in the tested 
solution for the determination of pH value or urea concen 
tration. 

[0040] Referring to FIG. 2, the biosensor 110 described 
above is used to construct the measuring system according 
to an embodiment of the invention. The measuring system 
further comprises a reference electrode 204, an instrumen 
tation ampli?er 202, a high-resistance multimeter 203, and 
a computer 205. 

[0041] The reference electrode 204, for example, Ag/AgCl 
reference electrode, is immersed in the tested solution to 
help to maintain a stable voltage and provide the function of 
calibration. 

[0042] The instrumentation ampli?er 202 ampli?es the 
electric signals and comprises tWo inputs and one output. 
The tWo inputs are connected to the biosensor 110 and the 
reference electrode 204 through the conductive Wires 108 
and 206. The instrumentation ampli?er may be, for example, 
a commercially available IC, LT1167. The connection of the 
biosensor 110 and the instrumentation ampli?er 202 can be 
accomplished by, for example, pin connection, and there 
fore, after measurement, the biosensor 110 and the instru 
mentation ampli?er 202 are detachable to advantageously 
reneW the biosensor 110. 
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[0043] The high-resistance multimeter 203 is connected to 
the output of the instrumentation ampli?er 202 to read out 
the output voltage from the biosensor 110. 

[0044] The computer 205 is connected With the high 
resistance multimeter 203 through a communication inter 
face card to store, process, or analyZe data. The computer 
205 may be, for example, a personal computer. The com 
munication interface card may be, for example, HP82350. 
The parameter measurement and the data storage may be 
controlled using HP VEE program installed in the computer. 
Microsoft Origin 6.0 is further used to analyZe output signals 
or plot graphs. 

[0045] In the measurement, the urea sensing ?lm 109 of 
the biosensor 110 and the reference electrode are immersed 
in the tested solution 201 containing acid, base, or urea. 

EXAMPLES 

Example 1 

Manufacturing the Biosensor 

[0046] A commercial SnOZ/SiO2 glass sold by Kuanghua 
Development technical corporation, TaiWan under the trade 
mark TO-3030 Was cut into squares of 1 cm><1 cm and 
Washed in deioniZed Water of an ultrasonic oscillator. An 
aluminum conductive Wire Was bonded to the SnO2/SiO2/ 
glass 106 by silver glue and dried at 120° C. in an oven for 
10 minutes, and then cooled to room temperature. The 
aluminum conductive Wire 108 Was installed through a 
capillary 107 and the SnOZ/SiOZ/glass and the capillary 
Were ?xed by epoxy resin forming an insulating layer 104 
and dried at 120° C. in an oven for 20 minutes. The 
SnO2/SiO2/ glass Was then packaged With epoxy resin but an 
area of 1.5 mm><1.5 mm Was kept to be a sensing WindoW. 
Then, one end of the aluminum conductive Wire Was con 
nected to a MOFET. 

[0047] Subsequently, the sensing WindoW Was cleaned in 
deioniZed Water of the ultrasonic oscillator. Amixture of 200 
mg PVA-SbQ (under trade mark Toyo Gose sold by Kogyo 
Company, Japan) and 10 mg urease (EC 3.5.1.5, poWder, 
Type IV, from Jack bean, 50000 to 100000 units/g, sold by 
Sigma Chemical Company) in 200 pl phosphate buffer 
solution (5 mM, pH 7.0) Was prepared. 1 pl of the urease 
mixture Was deposited on the sensing WindoW. The resulting 
device Was exposed under UV light (4 W/365 nm) for 
photopolymeriZation for 20 minutes, then placed in a dark 
box at 4° C. for about 12 hours, obtaining a EGFET With 
urea sensing ?lm, as shoWn in FIG. 1c. 

Example 2 

Constructing Measuring System 

[0048] Referring to FIG. 2, the biosensor having a urease 
?lm as a sensing ?lm as obtained from Example 1 Was used. 
The sensing ?lm of the biosensor Was connected to the input 
of LT1167, and the output of LT1167 Was connected to a 
digital multimeter. An Ag/AgCl reference electrode Was 
connected to another input of LT1167. A computer Was 
connected With the digital multimeter through a communi 
cation interface card HP82350. The parameter measurement 
and the data storage Were performed using HP VEE program 
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installed in the computer. Microsoft Origin 6.0 Was used to 
process and analyze output signals. 

[0049] Aseries of solutions having pH value of 1, 3, 5, 7, 
and 9 Were measured using the measuring system as 
described above. By changing gate voltage, output electric 
currents Were obtained. The data Were processed and ana 
lyZed using Microsoft Origin 6.0 to plot a curve of electric 
current versus gate voltage, as shoWn in FIG. 3a. As the 
proper current value, IDS, Was about 300 MA, a high linear 
sensitivity for measuring a solution having a pH value in the 
range of 1 to 9 Was obtained to be 58 mV/pH. Acurve of gate 
voltage versus pH value Was also plotted, as shoWn in FIG. 
3b. 

[0050] A series of urea solutions having concentrations of 
1.25 mg/dl, 10 mg/dl, 40 mg/dl, 80 mg/dl, and 120 mg/dl 
Were measured using the measuring system as described 
above. Curves of output voltage versus measuring time Were 
plotted as shoWn in FIGS. 4a to 46. 

[0051] After linear calibration of the data obtained above, 
the linearity of the sensor Was obtained in the range of 5 
mg/dl to 50 mg/dl, as shoWn in FIG. 5 shoWing the plot of 
voltage difference versus urea concentration. 

[0052] The results indicate that the sensor and the manu 
facturing method of the sensing unit of an embodiment of 
the invention have advantages of loW cost, easy attainment, 
and a simple package due to the utiliZation of commercially 
available SnOZ/SiOZ/glass. The method according to the 
invention is novel. 

[0053] Furthermore, a precise response for the biosensor 
to solutions having different pH values or urea concentra 
tions can be obtained by the measuring system according to 
an embodiment of the invention, and in turn the pH value or 
the urea concentration can be obtained precisely. Further 
more, the sensor and the readout circuit are detachable and 
the sensing unit is disposable, thus, can be prevented con 
tamination or damage to the sensing ?lm. 

[0054] While the invention has been described by Way of 
example and in terms of the preferred embodiments, it is to 
be understood that the invention is not limited to the 
disclosed embodiments. To the contrary, it is intended to 
cover various modi?cations and similar arrangements (as 
Would be apparent to those skilled in the art). Therefore, the 
scope of the appended claims should be accorded the 
broadest interpretation so as to encompass all such modi? 
cations and similar arrangements. 

What is claimed is: 
1. A biosensor having an extended gate ?eld effect tran 

sistor structure, comprising: 

a metal oxide semiconductor ?eld effect transistor on a 

semiconductor substrate; 

a sensing unit comprising a substrate, a silicon dioxide 
layer on the substrate, a tin oxide layer on the silicon 
dioxide layer, and a urease layer immobiliZed on the tin 
oxide layer; and 

a conductive Wire connecting the MOSFET and the sens 
ing unit. 

2. The biosensor as claimed in claim 1, Wherein the metal 
oxide semiconductor ?eld effect transistor is an N-type ?eld 
effect transistor. 
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3. The biosensor as claimed in claim 1, Wherein the 
conductive Wire comprises aluminum. 

4. The biosensor as claimed in claim 1, Wherein the 
substrate is the conductive substrate. 

5. The biosensor as claimed in claim 4, Wherein the 
substrate is an indium tin oxide glass. 

6. The biosensor as claimed in claim 1, Wherein the urease 
layer is immobiliZed on the tin oxide layer by gel entrap 
ment. 

7. The biosensor as claimed in claim 6, Wherein the urease 
layer is formed by photopolymeriZation of a mixture of a 
photosensitive polymer and urease in a phosphate buffer. 

8. The biosensor as claimed in claim 7, Wherein the 
photosensitive polymer and the urease are in a ratio ranging 
from 30:1 to 5:1 by Weight. 

9. The biosensor as claimed in claim 1, further comprising 
an insulating layer on the surface of the sensing unit but 
exposing part of the urease layer and part of the conductive 
Wire. 

10. The biosensor as claimed in claim 9, Wherein the 
insulating layer comprises epoxy resin. 

11. The biosensor as claimed in claim 1, Wherein the 
substrate, the silicon dioxide layer, and the tin oxide layer 
are formed as a SnOZ/SiOZ/glass sold by Kuanghua Devel 
opment Technical Corporation, TaiWan under the trademark 
TO-3030. 

12. A method of manufacturing a sensing unit, compris 
mg: 

providing a conductive substrate; 

forming a silicon dioxide layer on the conductive sub 
strate; 

forming a tin oxide layer on the silicon dioxide layer; 

electrically connecting the conductive substrate With a 
conductive Wire; 

forming an insulating layer on the surface of the sensing 
unit but exposing part of the tin oxide layer and part of 
the conductive Wire; and 

immobiliZing a urease layer on the exposed part of tin 
oxide layer by gel entrapment. 

13. The method as claimed in claim 12, Wherein the gel 
entrapment is performed by mixing the photosensitive poly 
mer and the urease in a phosphate buffer solution, photo 
polymeriZing the resulting mixture, then placing the result in 
the dark at a loW temperature for a proper time, thereby the 
urease is immobiliZed on the tin oxide layer. 

14. The method as claimed in claim 13, Wherein the 
photosensitive polymer is a polyvinyl alcohol. 

15. The method as claimed in claim 14, Wherein the 
polyvinyl alcohol has styrylpyridinium groups. 

16. The method as claimed in claim 13, Wherein the 
photosensitive polymer and the urease are in a ratio ranging 
from 30:1 to 5:1 by Weight. 

17. The method as claimed in claim 13, Wherein the 
urease is used in a form of solution in a 5 mM phosphate 
buffer solution in a concentration of 10 mg/100 pl With a pH 
value of 7, the photosensitive polymer is used in a form of 
solution in a 5 mM phosphate buffer solution in a concen 
tration of 200 mg/100 pl With a pH value of 7. 

18. The method as claimed in claim 13, Wherein the 
photopolymeriZation is performed With a UV light having a 
Wavelength of 365 nm. 
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19. The method as claimed in claim 13, wherein the loW 
temperature is 4° C. 

20. The method as claimed in claim 12, Wherein the 
substrate, the silicon dioxide layer, and the tin oXide layer 
are provided as a SnO2/SiO2/ glass sold by Kuanghua Devel 
opment Technical Corporation, TaiWan under the trade mark 
TO-3030. 

21. A measuring system, comprising: 

a biosensor as claimed in claim 1; 

a reference electrode for a stable voltage; 

an instrumentation ampli?er having tWo inputs and one 
output, Wherein the tWo inputs are connected With the 
biosensor and the reference electrode, respectively; 

a high-resistance multimeter connected With the output of 
the instrumentation ampli?er; and 

a computer connected With the high-resistance multimeter 
through a communication interface card to store, pro 
cess, or analyZe data. 
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22. The measuring system as claimed in claim 21, Wherein 
the instrumentation ampli?er is LT1167. 

23. The measuring system as claimed in claim 21, Wherein 
the reference electrode is an Ag/AgCl reference elctrode. 

24. The measuring system as claimed in claim 21, Wherein 
the computer is a personal computer. 

25. The measuring system as claimed in claim 21, Wherein 
the communication interface card is HP82350. 

26. The measuring system as claimed in claim 21, Wherein 
HP VEE program is further used to control the parameter 
measurement and the data storage. 

27. The measuring system as claimed in claim 26, Wherein 
Microsoft Origin 6.0 is further used to analyZe output signals 
or plot graphs. 


