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Abstract of Doctoral Dissertation

Title: Sensitivity Improvement of Capacitive Sensing on
Integrated CMOS-MEMS Devices for 10T Systems

YR ALT R TVT
SHIMAMURA Toshishige

This research is aimed to overcome the problems, which is composed of compensation of
parasitic elements, modeling of unknown parameter extraction, and layout of heterogeneous sensor
integration, in capacitive sensing circuits with CMOS-MEMS interface for sensitivity improvement of
capacitive sensing in integrated CMOS-MEMS devices for 10T systems.

In Chapter 2, "Techniques for Sensitivity Improvement of Capacitance Sensing in Integrated
CMOS-MEMS Devices," a concept of technology for enhancing the sensitivity of capacitive sensing by
the interaction mechanism of the CMOS-MEMS interface was proposed as a basic technology. The
capacitive sensing circuit using the pulse modulation is suitable for suppressing the circuit area even when
the technology node is large, and is cost-effective for the process cost. Parasitic element compensation
function, integrated design simulation function, and integrated design layout function are explained as
examples of the configuration of the CMOS-MEMS interface, and these functions are effective for
enhancing the sensitivity of the capacitive sensing circuit.

In Chapter 3, "Real-Time Detection of Movable Capacitor with Parasitic Capacitance,” a new
capacitance detection method was proposed for controlling MEMS devices stacked on CMOS LSI to solve
the problem of compensation of parasitic elements. To evaluate the effectiveness of the proposed method,
a test chip was fabricated using a 0.6 pum CMOS process and a MEMS process. By using the proposed
method, the sensitivity, which is defined by the ratio of the detected capacitance to the output voltage, is
improved by six times compared with the case without using the proposed method.

In Chapter 4, "Surface Shape Recognition Method Using Specimen Capacitances with Parasitic
Series Resistance," an enhancement circuit composed of an enhancement electrode and a voltage control
circuit arranged adjacent to a sensor plate was proposed to solve the problem of compensation of parasitic
elements. To evaluate the effectiveness of the proposed circuit, a test chip was fabricated in a 0.5 um
CMOS process and a sensor process. An inverter circuit was used as the voltage control circuit, and an
enhancement circuit was added without increasing the pixel size. With the test chip, a clear image can be
obtained even with a dry finger with good contrast. The proposed circuit enables the acquisition of a clear

fingerprint image regardless of the surface state of the finger.



In Chapter 5, "Frequency characteristic measurement method of the specimen capacitance with
parasitic parallel resistance," a circuit configuration using a unity gain buffer in which one of two
electrodes for detecting bioimpedance is used as a ground potential and the current flowing to the finger
is fed back to the voltage applied to the finger was proposed to solve the problem of compensation of
parasitic elements. The analysis showed that the impedance detection circuit can detect impedance in the
range of surface states of a human finger. A test chip of the impedance sensing circuit was fabricated using
a 0.5 um CMOS process and a sensor process. The amplitude data agreed with the measurements of the
network analyzer and that wet, and dry fingers with different surface conditions of the fingers were
detected.

In Chapter 6, "Design integration method of sensor with composite structure and charge
nondestructive sensing circuit," in order to solve the problem of modeling to extract unknown parameters,
a vibration detection method in which a vibration sensor transfers electric charge to a mechanical device
without consuming electric power by using kinetic energy generated in a movable element during
vibration detection was described, and a design integration method of vibration sensor and sensing circuit
was proposed for this detection method. A test chip with two vibration sensing circuits for continuous and
impulse excitation was fabricated using a 0.35 pm CMOS process. The validity of the proposed method
was shown by the fact that the simulation results using the extracted parameters agreed in all regions of
the measurement results, and a model was obtained for designing a vibration sensor including a vibration
amplification mechanism. The proposed method was effective for the design of sensing circuits where
sensors with complex structures need to be connected for evaluation.

In Chapter 7, "Surface Shape Recognition Sensor LSI with Capacitance Frequency
Characteristics Measurement Function," a method was proposed to solve the problem of layout of
heterogeneous sensor integration without increasing the chip size by replacing and arranging the pixels of
the fingerprint sensor, and sharing the control line with the fingerprint sensing circuit was proposed to
solve the problem of compensation of parasitic elements by using an impedance detection circuit described
in Chapter 5, and a method was proposed to solve the problem of layout of heterogeneous sensor
integration without increasing the chip size by sharing the control line with the fingerprint sensing circuit,
and an electrode model with a synthetic structure using the modeling method described in Chapter 6 was
proposed to solve the problem of modeling to extract unknown parameters, and a surface shape recognition
sensor LSI with built-in function to measure the frequency characteristics of capacitance was proposed as
an application technology. A fingerprint sensor test chip with an impedance sensing function for
measuring capacitive frequency characteristics was fabricated using a 0.5 pum CMOS process and a sensor
process. The difference in the frequency dependence of the impedance between the real finger and the
fake finger was detected. The proposed circuit is effective to add an impedance detection function for

fraud detection to the fingerprint sensor LSI.



