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Design of high-precision and low-noise detection
circuit for MEMS gyroscope

ZHAO Yigiang"*, KOU Shiyi'*, YE Mao'”

(1. School of Microelectronics, Tianjin University, Tianjin 300072, China; 2. Tianjin Key Laboratory of Imaging
and Sensing Microelectronic Technology ( Tianjin University) , Tianjin 300072, China)

Abstract; To fulfill the demands of achieving low-noise and high-precision detection of capacitive MEMS
gyroscopes, this paper presents a fully differential sensing circuit based on a switched capacitor structure. The
design consists of two parts: capacitance detection and digital quantization processing. The discrete-time capacitor
to voltage (C/V) conversion scheme is used for capacitance detection. The method of combining high frequency
carrier modulation and correlated double sampling technique is proposed to reduce the low frequency noise. The
quantization circuit adopts a bandpass A3 modulator with a 4th-order, 4-bit single-loop feedforward structure. The
input signal feedforward pathway is introduced to improve the stability of the system. The internal multi-bit
quantizer is used to improve the signal-to-noise ratio. The system achieves high precision with low power
consumption. Based on the 0. 18 wm BCD process, the overall circuit is simulated and verified under a 5 V power

supply. The simulation results demonstrate that the sensitivity of the detection circuit can reach 10 mV/fF, and the

equivalent input capacitive noise is 0. 062 aF/ +/Hz at 5 kHz. The quantization accuracy of the readout signal can
be up to 15 bits in the bandwidth range of 100 Hz. Compared with the traditional MEMS gyroscope sensing circuit,
this circuit has lower noise and higher quantization accuracy. It is suitable for high-precision detection.

Keywords: capacitive detection circuit; MEMS gyroscope ; delta-sigma modulator; correlated double sampling; low

noise; high-precision
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Fig. 1 Equivalent model of MEMS gyroscope detection component
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Fig.2 Block diagram of sensing circuit system
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Fig.3  Schematic of C/V conversion circuit and timing diagram
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Fig.4 Single-ended representation for op-amp noise analysis
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Tab.2 Main performance comparison of C/V conversion circuit
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Tab.3 Main performance comparison of the modulator
SCHR Al T2/ um ERL] T RFER {5 1t/ dB B/ YiFE/mW  FoMpgy/ (pJ + conv ')
SCHR[8 ] (S| 0.18 SC 128 66.30 5.0 9.00 535.7
SCHR[10] fieiE 0.18 SC 400 50.13 5.0 — —
SCHk[11] {138 0.18 sc 256 59.13 1.8 12.99 439.2
AL i 0.18 SC 400 96.50 5.0 1.15 94.0
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