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Abstract

This thesis presents the Analog Front-End (AFE) Amplifiers tolerant to +1.2V
common-mode artifact (CMA) and £11mV differential-mode artifact (DMA) during
stimulation ~ with  electrode-tissue = impedance = measurement circuit  for
Electrocorticography (ECoG) signal recording.

The ECoG signals are first sensed by the electrodes and passed through the stimulator
driver, driver input protection circuit (driver IPC), and AFE Amplifier input protection
circuit (AFE Amplifier IPC). Then, the ECoG signals are amplified by capacitively
coupled instrumentation amplifier (CCIA) with 37dB gain. The CCIA employs a rail-
to-rail input folded-cascode (RRFC) op-amp with two current compensation circuits to
achieve a large input range while maintaining the linearity of the signal. For DMA
cancellation, a differential-mode artifact cancellation loop (DMACL) is proposed.

Afterwards, a high pass filter (HPF) and a filter buffer are used to suppress the DC
offset from the output of the CCIA and block the loading capacitor from the next stage.
Then the switched-capacitor low-pass filter (SC-LPF) is employed to drive the hold

circuit. Finally, the SC amplifier (SC-Amp) selects the channel through enable switches.
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The SC LPF and the SC-Amp provide 3/23/43/43 dB tunable gain, 100/1k Hz tunable
low pass corner, and continuous channel selection. The right-leg drive (RLD) circuit
boosts the CMRR over 120dB at 60Hz common mode signal. The electrode-tissue
impedance measurement circuit is implemented to measure the impedance of the
electrodes to confirm the electrodes are well attached to the tissue.

The AFE amplifier circuit is fabricated in TSMC 0.18um CMOS Technology. It
has 40.18/60.02/70.13/80.0 dB tunable gain, 112.8/1.13k Hz tunable low pass corner,
0.41 Hz high pass corner and 1.64pVrms input-referred noise in the bandwidth of 0.41-
112.8Hz. The measured result shows that the THDs are 0.83% under no stimulation and
1.37% under stimulation. The input impedance of the AFE amplifier reaches 153M
ohms or above in the bandwidth of 0.41-112.8Hz, which is large enough for the medical
implementation. The CMRRis 121.4dB or above in the pass band and 126.2dB at 60Hz.
The electrode-tissue impedance measurement circuit is able to monitor the electrode-
tissue impedance normally. Once the input of AFE amplifier isn’t well connected to the

electrode, the output of the AFE amplifier will saturate.
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