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Abstract 
The design, implementation and characterization of a 

microsensor system for electrochemical measurements are 
introduced. This microsensor system consists of an 
electrochemical cell, amplifier, switches for miniature 
applications. Currently, we use a single ship microprocessor 
(80C5 I), an ADC (ADC0804) and seven-segment display for 
portable instrument prototype. The proposed microsensor is 
implemented by using the UMC 0.51 CMOS technology with 
a die size of 1.0 mm x 1 .O mm. The electrode area is 600 U x 
800 U. The unique design of a feedback voltage controlled 
resistor allows a flexible dynamic range for linear conversion 
of the induced current in various applications. 

Introduction 
The effective cost of a microsensor totally depends on 

its employed mass-production technologies. As the available 
methods, screen printing [l], thin film [2] and silicon 
technologies [3] have all been used in the past with some 
successful examples in the real world [4-61. Together they 
provide numerous novel devices for better performance and 
faster tum-around time in clinical diagnostic and therapies 
[7]. Even though there are still quality control issues to be 
addressed with standard Si-technology processes, it attracts a 
lot of focus for the possible biomedical applications ranging 
from physical sensors to chemical ones [4,8,9]. The potential 
small size, low cost, high precision, and good reproducibility 
can significantly contribute to the quality of health care with 
smart design for better performance [ 10,l I]. The same 
technologies can also meet the increasing demands in food 
industries, environmental monitoring and process control 
[12]. In this paper, we report an amperometric microsensor 
for possible medial applications. The flexible design of 
electrodes is explored with the amplifying and compensating 
circuitry. The unique architecture of this microsensor enables 
two-electrode or three-electrode configuration with a 
pass-transistor control and provides a flexible dynamic range 
adjustment for the induced current by a voltage-control 
resistor. The integrated device of microelectrode, 
current-to-voltage amplifier, voltage-control resistor, 
operational amplifier, and pass-transistor is designed, 
simulated and fabricated as the front-end smart device. The 
analog output is then digitized by an analog-to-digital 
converter (ADC0804) which interfaces to a single chip 

controller (8051) for post processing and data reporting via 
seven segment display. 

Methods 
The designed microsensor consists of an electrochemical 

cell, a current-to-voltage amplifier, a voltage-controlled 
resistor, an operational amplifier, and four pass-transistor 
switches as shown in figure 1. 

The induced current of amperometric method can be 
derived according to the following equation, 

I, = n*F*A*D,*(d[O]/dx) 

n : valence number 
F : Faraday constant 
A :Area 
Do : Diffusion coefficient 
[O]: Oxygen concentration 

where 

With the constrains of total area on Si-substrate, the 
scale-down electrode area is about 0.48 mm2 which will 
induce 0-300 nA current with glucose range from 0 to 12.5 
mM. 

The reference and workingkounter electrodes are 
implemented by using Ag and Pt, respectively. They are 
realized by using photolithography and vacuum etching on 
hletal-2 layer of standard CMOS technologies. The circuitry 
of a current-to-voltage amplifier, a voltage-control resistor, an 
operational amplifier, and four pass-transistor switches is also 
implemented on the same substrate to fabricate an integrated 
microsensor as the front-end device for measurement system. 

The analog output of this front-end device is then fed into 
an ADC (ADC0804) for 8 bits digital conversion. The output 
data is interfaced to a low power consumption single chip 
controller (80C5 1) for further processes which include 
storage, calibration, and report. Three seven-segment 
displays are used to report the data for range from 0 to 5V 
with two decimal precision, 

Results 
The partial cross section of this microelectrode is shown 

in figure 2. A folded-cascade operational amplifier with a 
negative feedback voltage-controlled resistor is realized for 
the conversion of the induced currents to a reliable analog 
voltage output. At a control voltage of lV, the HSPICE 
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circuits simulation results in linear conversion of input current 
with sensitivity of 6.4 mVlnA as shown in figure 3. Its 
equivalent impedance is 5.8 M Ohm. The feedback 
voltage-controlled resistor has an impedance increase rate of 
2 M O h "  of its control voltage. The operation of two or 
three electrodes can be controlled through external 
registration. The proposed microsensor as shown in figure 4 
is implemented by using the UMC 0.5 U CMOS technology. 
The total electrode area is 600 U x 800 U for the deposition of 
enzyme layer after its partial package and return to the 
laboratory. With the designed specifications, the induced 
current range can be effectively measured based on the 
two-electrode operation at a control voltage of 1 V. The 
maximum output voltage for blood glucose detection is about 
I .8 V. The single-chip controller with three seven-segment 
display circuit is shown as in figure 5 .  

Discussions 
A microsensor system is designed and realized by using 

0.5 uM standard CMOS technology and a single chip 
controller for post-processing of data. There are a few 
technical issues which can be addressed for further 
development. First of all, post-modification of the 
microsensor with existing cleanroom technologies needs to 
put in more efforts to improve the yield rate. Secondly, 
self-calibration procedure is important for the performance of 
microsensor system and needs to integrate as a part of the 
hardware or software. Thirdly, the post data processing 
module needs to implement with low power consumption 
consideration to increase the durability of the microsensor 
system. 

Conclusions 
A unique architecture of microsensor is proposed and 

fabricated which enables two-electrode or three-electrode 
configuration with a pass-transistor control and provides a 
flexible dynamic range adjustment for the induced current by 
a voltage-control resistor. This integrated microsensor is 
designed, simulated and fabricated as the front-end smart 
device for biomedical applications using amperometric 
method. 
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Figure 1. Schematic diagram of the proposed microsensor 
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Figure 2. Partial cross section view of electrode area 

Figure 3. The HSPICE simulation result of the 
current-to-voltage amplifier. 

Figure 5.  Schematic diagram of single-chip controller and 
ADC for microsensor applications. 

Figure 4. The top-view of the microsensor system layout. 
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