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Development of the multi-channel neural recording system supporting the basis of
physical function substitution technology

Ando, Hiroshi
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Development of a new rehabilitation technology that substitutes physical
functions for patients such as ALS and paralysis with the BMI system is in progress. However, it is
considered that there is a limit to the high performance improvement of the intention estimation
accuracy in the existing neural activity recording method with only about 100 channels for neurons
that have 10 billion in the cerebral cortex. In this research, we develop a multi-channel recording
integrated circuit system that achieves both low noise and high integration by combining chopper
technology, low crosstalk analog multiplexer technology, and input capacity reduction T type
capacity split technology.
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12bit ADC SP1
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ADC
ASIC  0.13p mCMOS 2.0mmx 2.0mm
1.2v 1.0V
2(@) (b) ASIC QFN QFN
2(c)) 2(d) (e
40dB 1-1000Hz 1-800Hz
4_.4p Vpp High-y 70-180Hz 1.6p Vpp
BUFOUT- VCONYRE VDD_INT pg VDDA VDDANVSSA: Supply voltage for VREG
o B oo SIS o o B SR N (1.2V) RHBRY YR
A VDDD/VSSD: Supply voltage for internal
VREG digital (1.0V)

VDD_INT: Supply voltage for internal
| analog generated by VREG (1.0V)
?VSSA pB: Patient bias (0.5V, VDD_INT/2)
Logic - VREF: Reference voltage for ADC (1.0V)
1 ,.? ! MODD VCOM: Common voltage for ADC (0.5V)
nterface/ VSSD 1
Control (SPI O} XO: Crystal Oscillator
| LV: Logic Signal Voltage Level Shifter
MS: SPI Master / Slave selection
; S8S: SPI Slave Select
Sl e VREG: Voltage regurator with bandgap
all analog circuits operate in differential
“~internal supply voltage s 1.0V (vDD_INT) ~ SS MOSI MS VL SF: Stochastic Flash
MISO CLK  (1.5~25V)

(a) schematic diagram of developed ASIC
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(b) circuit design of LNA capacitor feedback
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< H. Ando, et al., Development of a neural recording ASIC for an ECoG and spike and its

wireless system for BMI, EMBC2018, 2018.>



(a) ASIC specification 50

Number of channels 8 ch 40
Gain 40 dB =
Sampling frequency 1~20  kSps =30
Input referred noise <2 HYop £ 20 ~ conventional
(U] == sernes. capat:ltor
@chappe f : 10 ~— T-capacitor
ADC resolution 12 bit * 10 chip average
Suppl It 12 \ 0
pevsr ™ whE  mil : 01 1 10 100 1k 10
Technology 0.13  pm CMOS = , Frequency [Hel
Chip area 4.0 mm2 2 (d) Gain characteristics
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(b) Photographs of the ASIC and its (e) Input referred noise characteristics
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< H. Ando, et al., Development of a neural recording ASIC for an ECoG and spike and its
wireless system for BMI, EMBC2018, 2018.>
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