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Smart Skull BMI

Fabrication and demonstration of probe device toward Smarl Skull technology

Tokuda, Takashi
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Based on an idea of flexible and wide-area-covering BMI (Brain Machine Interface)
device: "Smart Skull"™, a novel opto-electronic nerural interface device was designed, fabricated. A CMOS
chip with a switching capability and integrated neural amplifier was designed. Functionality as well as
the device flexibility of the device was confirmed.

BMI
CMOS



B X C—19,. F—19, Z—19 (tm)

1. AFZEBRAE S D =

I3 BARBL R IC BT 2R KO RO
—OTh VY, FFICHAEITKE NIH (28155
"Brain Initiative"Z1Z UH & LT, FEICE
WCHSZESE & L TORY AN S
nNTnW5s, £72, BEFEEEREOS E LTE
T < BHEOBERSDFIC LD A T
HREDEEZFIE « HDHVIIMHBRT D200
ERRHEMICORN L Z L ~DtEEN R K&
REIF L RE WV, HFEE X I E T, Mk
WCEDHATWHWATZ LY hr=r X2 LB
AR ~DA X — T = — AITB W THEIC
FREE o o T2 7 A A~ DO EEGE O [ E % i
RL 9 5FiEE LT, Smart Skull Hifiiz 4%
AL, A AIZOWT 2012 FEIHEFFHIRE
AT o1,

B S OB 70 BMI OBFER L OER
BIBFZEIC B W TR &S TV AR BERY M
W) - AT, BRARZICBT 5 8EE
Mz IS E L TRY, EEFE LU
HFHEE~OBEAER 0 TH D LIEE
272\, Flo— 5T, WFIESHETe T 7 N
TRE RN, SERZ OSMANT YR & eI T
% BO &9 5 IR BEAY 72 RN 2 38 L &
LTHY, REMFHIIE LTORT v x L
IR TH D,

2. WFEOEM

AWFFE I, & LALLM OISR L
T, 22O HIBEIECAR T, ISWEFE 2 73— L
TVUVX VT 4 BT NA A B K
L. 2 EHAAATS Smart Skull HilT4a 3
BT 252 L2/ B E 35, RUFTCH%
BlokBW\WTiE, FELTHMEDAS v 2 —T =
— A LD T a—T TN, RE O FER R
BATo72, ZOT A AL, BRE KD
Ze W T BRI - R A FE 5 rC €813
57Ty N7 AL E VG, ARG
TIXZEOEBREOHEIEEBFL TR, =
N3 HUE, BED ECoG EMBHAM % |
L EOMRCTCEMAH XS L 517
B eI, HEFMA UM - AT
BTEHHBLERD, KHEBEHEICLDHE
WERFEDO ., B A YLK U 7= HFZERE 36 & S
4% Z L2k V., Smart Skull Hifff A EH 4
5Z ExBRT,

3. WD Ik
[CMOS T v 7' 5% 5t « BAME - 4]

Smart skull [A) 7 —7F 34 2 2#i#
T A7 CMOS F v 7 ad&kE - i E - G
T 5. ZOF FIICHIEUN LED BRE) - X
FHHMSEE 2 fif 2 TV B, 1E%E CMOS 7'r& X
IZ XV ERE L, AN oREERGE Y — e L & F
RALCRIET S, BIEET LIF v 7Tkt L
T, BFEOMRETHI 21T\, SEEEDHE)
EZ/ERT 5,

[ TR B T+ BT /3 A R R ]
T CICEESHF CEMAb I TV DK

B (ECoG) & DFZIR Atk & #eFE L 728
5. KIBIZEMBY A X - B FH/NE 0 CM0S
T FEEEHA AR - EKGEHT N A
AEFRBTDH, TNETOHFBEEL DAL A
AT T BT IT N AIE O R
— AL LN G, TV a2—HF VT 2 DEW
(N RY TR Bl 8 2 B & L7
V)TN AT B EERFFICERT S, &
AREEIZIT, HEELON N ETE->CE
RUIAI R 7R T ERENRY Lo
—T 4 TNy = TR
TEXHMN, bl nrd v a— o igai
EHAEDE DI VEENPEEIND, £,
TR U B ONER A~ DHRIR DRI
SONTH, BERBIN 7 = VE—T7 D72
DOEIEEREFOWE TOXIERMEL 72D,

()

AOBEERILE EEICERE)
o\, = HEE . /0
(g WY g
(b)
1 FERAICEBL A H A5 3"Smart Skull”#4fi.(a) = 7

LB BR S 1—T7F 84 A, (b)smart skull 7 /31
A DRSS

[7'a b & A TEREY S AT L OREEE]
FRAADN RY T DTV r—F &
LA T, ONOS 58 0 migRER T A A %
NA G - EFESFO—PICRMT S ETo
BEL 72D DM, T3 ABREN S AT L O HME
ILMAMTH D, 2—FOH POt - &
BT T, 773 AONEIRIEDREH
ZHRELARS COEERZE T E23 2 CGEM
TEBALEELEOEHWEREI > A7 A% BT
DVENRD B,

4. WR7ERE

X 1(a) IR Lie, BdZRICk L O - R E
FANT< T A Nl - FHZAT S5 7200
CMOS #Hf% A v B — T = — A F v S &3
EL7-, 3MEIIZ AMS # 0.35 um 2-poly,
4-metal FEHE CMOS u & X% -, 2



WA 7T M RUGGELETRT, KT v
X, 7RI NT NS, AERERT D NAE
TNA AT LITHEH L, NAET A A
# L 72 LED ~DO @A L OGS
DO REDE B OFHRDOTZO DAL v TF
TEITD,

Smart Skull A7 CMOS v 7' LA 7 7 b

# 1 CMOS v 7 Dt t

0.35um 2-pol

7t 4—meta5lllmﬁ¥-pcn:os
FuTH4X | 1700 pm X 1700 pm

ERE 1
E#EY4ZX | 100 um X 100 um
LE S D S 3-TrAPS
LEDERE: B X |
BEREX 5V
FroR LB 32

ZORMET v T ORERERHMIIOFE R, £ 212
IRTEMER R T 72, IRITRH LT T
DOFHE - MEREZ MR LTIV, FFIZLED IZ &
DR AFRE T D Z L MR TE T2, —
Ry — 2 v ABWMEICARREE S D3 B AVIZ D,
WIS RREEH O TNy R BE 5% A
322 L TCEIfESELZ W TEL,

% 2 CMOS F v 7 O EIERFE D 5
Power on Reset A

F o FOLIRIESHE
7 R L AE= X ke
T 7 (BRI D e
7 THA
STIM_IN JEWF 2 A 5
SMBT L AIRE
AT AEIEE B

OlO0|O|x|O|>]|0O

ZORMET AL A% K 3@ IRTRAT
NAZHDOY Yy 7V v MEHRE, )i
RT 7 LXR T NANHEREGDETT NS R
N lr— v 7 & Lz, d BRI %X 4 12
T, M4 DOF A RZBNT, w/LTFFv T

TO LED BRENC ST 5 & & Hiz, BN
Wb EBREO0+S 7L 74
DF BTz,

()
3 Smart Skull [} (@) /SATET /34 A FH IS L V(D)
PAE A IZ-S

()
4 Smart Skull [} 7 /34 2D (@)FMelks L
LED B Okk+. () FMRIEDORRF



PlEiZE D, ¥ E/RE L7z Smart Skull
M s BR T 0 —T T3, ZADOFE & FEAR
FERESEREIC A LT, A tRIE. in vivo (A&
T- BN T OWEEERGIER . /A A [ERCRAFSE
IN—TOWIDOH EHEDDHIEN, T4 L
A EEH LTV,

5. E7pdEIam L
(WFFEFE . WFZEo 3 M ONEHEIT 784 12
(=)

UdEssamsc) (BH 140)

(D T. Tokuda, Hiroaki Takehara, T. Noda,
K. sasagawa, and J. Ohta, “CMOS-Based
Optoelectronic On—Chip Neural
Interface Device,” IEICE Trans.
Electron., E99.C(2) pp. 165-172, 2016.
DOI: 10.1587/transele. E99.C. 165 (4
BAY)

(Fa¥R) Gt 1210)

@ T. Tokuda, S. Noguchi, S. Iwasaki,
Hiroaki Takehara, T. Noda, K. sasagawa,
and J. Ohta, ”“CMOS-based opto—

electronic neural interface devices

for optogenetics,” The 38th Annual

International Conference of the IEEE

Engineering in Medicine and Biology

Society (EMBC 16), 2016/08/16-20,

Orland, FL, USA. (#Bf530H)

@ T. Tokuda, Hiroaki Takehara, T. Noda,
K. sasagawa, and J. Ohta, “CMOS-Based

Opto—Electronic Flexible Brain
Interface Device,” CMOS Emerging
Technologies, 2016/5/27, Montreal,
Canada.

® T. Tokuda, Hiroaki Takehara, T. Noda,
K. sasagawa, and J. Ohta, “CMOS-Based
on—Chip Neural Interface Devices for
Opto— genetics,” IEEE
Biomedical Circuits and Systems
Conference 2015 (BioCAS2015),
2015/10/23, Historic Academy of
Medicine in Atlanta, USA (FRfFED)

@ fEME 22 ERHLEE OMOS HiRFIC X B
EHEIRREA LV H—T 2 AT NA R,
A AR S 174 B S %5 53 [0
ez, 2016/3/2, FASKFHRESIIA 7
4 A, HEEHEX (FBFrafkTE)

® fEH 2 7R 2, BE B2, #1
M, KM, “CMOS & Y A
— AL LA T AT AN T 5 b=
v I T NA ZAORRAE,” B R
HEe YL 7 b= A5
23, 2014/11/21, HARBLSEE, HRUET
WX (FAFEEH)

(HEFE) Gt 2140

@ T. Tokuda, T. Noda, K. sasagawa, and
J. Ohta, “CMOS—Based Neural Interface
Device for  Optogenetics,” in
“Optogenetics -Light-Sensing
Proteins and Their Applications—,”
Chapter 27 (pp. 375-389), Springer
(2015).

© fEHE 2. KHE, Ay EO0E0E"H
OHFEEHERLD,” ISHMBETERGE 64,
pp. 555-558 (2015).

(EXMEERE) Gt 0fF)

(% Dfth)

6. AR

(D) W A

fEH % (TOKUDA Takashi)

7= RIS RH AR AR - BRI AR
SFRFTER - MR

W9EE &5« 50314539

(2) WFFEs5 R4
L

(3) ELEEHF I

KH % (OHTA Jun)

7= BICm BRI R EBE R T - B AR
FARGERL - Bz

W9EE %5 80304161

4)1] 1M (SASAGAWA Kiyotaka)

7= RIC B AR R EEBE R - W E AR
FASERL - BhE

F9EE % 5« 50392725

$FH 2% (NODA Toshihiko)

7= RSB AR R PR R - W E AR
TR - B

W78 %5 20464159



