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Field effect transistor (FET) type microbiosensor has recently attracted considerable 
attention because of its many advantages in miniaturization, standardization, mass-production 
and suitable configuration for smart sensor in which both sensor and measurement circuit are 
integrated. 

This paper describes bioCMOS LSIs with the matrix array of biosensor cells. A cell 
consists of an extended gate MOSFET and a voltage follower circuit. Single-stranded (ss) 
DNA molecules with known sequence (probe DNA) are immobilized on the Au extended gate, 
and the ss DNA molecules with unknown sequence (target DNA) are injected into the solution. 
If the sequence of the target DNA matches to that of the probe DNA, double-stranded (ds) 
DNA can be formed. If the sequences do not match, the interaction between them is weak and 
the target DNA will be washed out. Since a nucleotide has negative charge -e on the 
phosphate group, variation of electronic charge due to ss DNA and ds DNA after 
hybridization results in the variation of the gate voltage of MOSFET. To perform the detection 
simultaneously, probe DNA molecules with various sequences are formed on a matrix array of 
biosensor cells. 

Accurate detection requires the method to reduce the effects of variation of transistor 
characteristics and temperature across a chip. The local detection of gate voltage within a cell 
should be performed independently of transistor parameters and local temperature. A compact 
and low power voltage follower circuit was proposed in which the sense transistor operates at 
a fixed point of VGS and VGD with small internal electric field, so the stable operation is 
maintained and the degradation of gate oxide can be avoided. Accuracy of the output voltage 
to the sense voltage is within 10mV between 20 oC and 100 oC. The circuit can operate in 
subthreshold region, the drain current of 5nA, where the response time is estimated to be 10μs 
when a load capacitor with capacitance 100 fF (estimated bit line capacitance) is attached to 
the output node. Each signal from the cell is compared to the reference signal produced by a 
dummy cell in the column. 

Two bioCMOS LSI circuits were demonstrated. One is 1,024 x 1,024 cell array to detect 
all possible sequences of 10 bases of A, G, C, T. The array size and power consumption are 20 
mm x 24.6 mm and 64 mW, respectively, using 0.35 μm CMOS technology. The other is 16 x 
16 cell array with the calibration circuit of extended gate charges and the temperature 
controlled self-heating circuit. Chip size including peripheral circuits of address buffer, XY 
decoders, multiplexer, and output buffer, is 2.3 mm x 2.2 mm using 1.2 μm CMOS 
technology. 
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Measured Characteristics. Current of 3nA 
(power consumption 15nW) with 10mV 
accuracy between VIN = 0.5~3V

Measured characteristics with a parameter 
VBB which determines the current, IDD
=100pA~100mA.
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