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Abstract

EFE, AREREICHSVTIHNKRERSIZABRMOBTEN X 2TV, MKEEBZEITS N TE
niE, REBMBZE DBSEREBMI(TLAY: XV AVE—T7I—RA)ORBICEISZEN
TE%, RACICRBINEIDVITI7/IIABEBHEIROSND, RRICEPREIBERS L
HEBHZWAZLENHY ., TOLHICREEOAFY T BAERLD, BIAVTFVT
LA RESHRAREBRERETD 7N RETITA7EZFOTERICLIRETRI L ZANE
LTHARES B 21, EAGESCEBEO7TOEY P BETRS ARKELET S EMNHEL
CERVERBTEANREEY EABKBTHB50/60H2E ZOFHICEEND, ChETRER
FIZ0 . 5HzA S 3 OHZEREEZTOARBANRBEE N TE LN, RRICE AL L0 BRBEE
LEEEND, AMRTHER TN 2B EEHEAARBRERO /Y F7 1) REBEAEDER L
T, FUBVEARYK. B 10 0HZBEXRTOFHEGESTIEBARETDETHLESARNSE
SNBAREMELEN D, ESICHBEDVITS/IIMLTRH & T, ERFTRINFTREE D,
NLA/ARXRERETDEDD /Y FT7AINEORBICEAREBRRERERRITBOICAFY
TIRBBITDCEDERBVAREBBRERFIVEELD, COREERRIDEOTIT147
RFEFRLET7ALNZOADFY S 2SR EHICEARBARMBZRERL &, FARICE/NA
TABRZAEETAHETRABRBEBUENZLNTREZFAL, FVFVYTERARELENT Y
AAVEROBRVAT T ER—RELIET7 1IN B ZRET L, £IZVDECZEU 1=CADY — /L%
MNATR e ICO—L018uMm7TOLRZRALTFY TRl E=To 1z, FMEL KR, N1 7
AEREHABRTDCEILKVREARBEANETED & ERIBL L=,

In recent years, the demand for techniques for acquiring brain waves in daily life has increased. If
fine EEG acquisition can be performed, the realization of non-invasive BMI (Brain Machine
Interface) connecting the brain and the machine will be approached. For practical use, particularly
small and wearable characteristics are required. In order to realize them, it is necessary to reduce
the number of parts and to suppress the power consumption, and for that purpose, the on-chip
circuit is essential. In particular, research was conducted with the aim of realizing a filter that
removes commercial frequencies that are difficult to be made on-chip by using active elements.
The biological signal is intended for a frequency band that is orders of magnitude lower than the
frequency used in processors and communications, and 50/60 Hz, which is a commercial
frequency, is also included in that EEG band. The brain waves have been mainly examined for
frequencies from 0.5 Hz to about 30 Hz, however, EEG signal contains the higher frequency. In
order to realize a notch filter for removing hum noise, a large capacitive element which cannot be
mounted on a chip is required to realize a large time constant. In order to overcome this problem, a
filter with on-chip active element was made on-chip and a frequency adjustment mechanism was
proposed. The adjustment was performed using a variable bias current to change the frequency
characteristics, and a filter based on a transconductance amplifier that can be mounted on-chip
was designed. In addition, we used a CAD tool through VDEC and made a chip prototype using
the ROHM 0.18 pm process. As a result of the evaluation, it was confirmed that the removal
frequency can be varied by adjusting the bias current.
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On—chip frequency automatic adjustment notch filter

1. HIREBRFROBE

BEE BBEEFICBLVTREEMEIIRMTOEENATETOTL S, KB EITICENTENE., NEMMEDLCIERE
BMTL AR AR —Dx—R) DRBITHAIIENTES, ZEREICIEFITNEMADDITSTILLEEENROLNDS, E
BRICIXSBREABEROUEHBESEHZNZAMNENHY . FOEOICIZEBOAF TR RAELED, HICAVF T ILAE LS
BAREHERET D IINAETITATRFDERICEYERTSIELLZAMELTHRES o=, EFRESICIXEENTOEY
SOBETHRIBEFEBELLR T HEHENZEVDEREFEANREGYERBRBTHS 50/60Hz LZDHEEHICEENS, ChE
THGKIFEIZO. 5 Hz MH30 Hz BEFEFTORRMMNARIN TSN, ERICIXShULOBR#BEELEENS, KFETER
ShARELEARRMRERD/vF I AEMAHEHEDIET, LYV ERE. 10100 Hz BEETOEELEESRET
BEL T B ETHELRAMENBOND IR L AN S, SOITHIBEITTSTILILT I ET, BBEETHRIA T AL D,

NLI/AREBRETBE=OD/9F IV EADORBIZIIREGHERERR I 2EOIH U FITIEEHITHEOHELRNKELS
ERFIDELLS, COBEEERRIT B-OTIT4ITHRTFEETRLIEIANEDF U F Tt ET 5L RICEBBABRBEFIREL
T2 RABICIINATRAERETE LT A ETRIBEHISENE L TEHIEEMAL. Ao FYyTREMBER ISV ROAVEHEVRT T
ER—RELI=T4IVAEE LT, £1- VDEC %@L 1= CAD W—ILZFIBTREEEHICO—L 018y mTOERZFALTFYITRE
{70tz FMALAER. NA T REREFARE T S EICKVBREREBENETELLEHEREL,

2. MRERRAEEOBE R

In recent years, the demand for techniques for acquiring brain waves in daily life has increased. If fine EEG acquisition can be
performed, the realization of non-invasive BMI (Brain Machine Interface) connecting the brain and the machine will be approached.
For practical use, particularly small and wearable characteristics are required. In order to realize them, it is necessary to reduce the
number of parts and to suppress the power consumption, and for that purpose, the on—chip circuit is essential. In particular, research
was conducted with the aim of realizing a filter that removes commercial frequencies that are difficult to be made on—chip by using
active elements. The biological signal is intended for a frequency band that is orders of magnitude lower than the frequency used in
processors and communications, and 50/60 Hz, which is a commercial frequency, is also included in that EEG band. The brain waves
have been mainly examined for frequencies from 0.5 Hz to about 30 Hz, however, EEG signal contains the higher frequency. In order
to realize a notch filter for removing hum noise, a large capacitive element which cannot be mounted on a chip is required to realize a
large time constant. In order to overcome this problem, a filter with on—chip active element was made on—chip and a frequency
adjustment mechanism was proposed. The adjustment was performed using a variable bias current to change the frequency
characteristics, and a filter based on a transconductance amplifier that can be mounted on—chip was designed. In addition, we used a
CAD tool through VDEC and made a chip prototype using the ROHM 0.18  m process. As a result of the evaluation, it was confirmed
that the removal frequency can be varied by adjusting the bias current.
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