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for Real-Time Closed-Loop Deep Brain Stimulation (DBS) SoC
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Abstract

This paper presents an analog front-end (AFE) amplifier circuit with improved monopolar
electrode-tissue impedance (ETI) measurement circuits for real-time closed-loop deep brain
stimulation (DBS) SoC applications. In test chip, the auto-reset capacitively-coupled chopper
instrumentation amplifier (AR-CCCIA) is used to amplify LFPs and suppress flicker noise. The
improved auxiliary path is adopted to obtain a higher input impedance. It can handle negative
artifact voltages because the improved dynamic clock level shifter is applied on the choppers
in the improved auxiliary path to transmit negative artifact voltages to the internal circuits. The
improved right-leg driven (RLD) circuit connected to the input of rail-to-rail input folded-
cascode (RRFC) amplifier is adopted to suppress 60-Hz power line interference and obtain a

higher common-mode rejection ratio (CMRR). An improved differential-mode artifact
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cancellation loop (DMACL) is adopted to remove differential-mode artifact voltage (DMAYV)
for real-time closed-loop DBS application. The size of the capacitor array in the improved
DMACL is optimized to achieve a higher DMAV removal range. Improved dynamic clock
level shifter and input chopper that consists of I/O devices are employed to transmit the large
common-mode artifact voltage (CMAV) to the internal circuit. Clock level shift circuit is
employed to generate a clock voltage level of -1.8V from -3V so that it can transmit -1.2-V
CMAV to the internal circuit. After the CMAYV enters the internal circuit, clamping diodes and
core amplifier with high input common-mode range are also applied to resist the common-mode
variations caused by CMAV. The first-stage amplifier employs a RRFC op-amp with two
current compensation circuits to achieve a large input range while maintaining the linearity of
the signal. After the AR-CCCIA, the switched-capacitor (SC) low-pass filters (LPFs) and SC
amplifier (SC-Amp) are then adopted to select channels and provide tunable gains and low-pass

corners.

The AFE amplifier circuit is fabricated in TSMC 0.18-um CMOS mixed-signal/RF process.
The input impedance under different gains are larger than 133MQ within 112Hz bandwidth and

8.2GQ at DC. The CMRR of AFE amplifier with improved RLD circuit is 144dB at 60Hz. The

measured THD is 0.33% without stimulation and 1.28% with +1-V CMAV and *50-mV

DMAV. In the agar test, the THD of the AFE amplifier without stimulation is 1.25%. The THD
of the AFE amplifier with £2.2-V, 130-Hz, and 60-ps pulse width constant voltage stimulation
is 1.84%, and the THD of the AFE amplifier with +£1.6-mA, 130-Hz, and 60-us pulse width
constant current stimulation is 1.69%, which is both smaller than 2%.

The proposed improved monopolar ETI measurement circuit in test chip and SoC are both
able to measure the monopolar impedance value. To reduce the measurement errors of the
measured monopolar impedance values, a source-coupled pair current switching circuit is

adopted to minimize the offset voltages caused by current switching, and low gain mode in AFE



amplifiers is used during ETI measurement so that the offset voltages are not amplified by the
SC circuit. With small output offset voltages of AFE amplifiers, output peak voltages instead
of output peak-to-peak voltages of the AFE amplifiers are measured during ETI measurement.
In SoC, the electrode DC offset (EDO) is considered in the equivalent RC circuit of ETI. A
longer reset period is reserved in the improved monopolar ETI measurement circuit for EDO
settling.

In test chip, the error range is -7.4% - 7.1% with extra power consumption 3.16uW. In SoC
with the consideration of EDO, the error range is -8.8% - -0.8% with extra power consumption
3.63uW.

Keywords: analog front-end (AFE) amplifier, deep drain stimulation (DBS), local-field
potential (LFP), monopolar electrode-tissue impedance (ETI) measurement, real-time

stimulation artifact removal.



