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The Moore’s law predicting that the number of transistors on integrated circuits doubles every 18 months since 1970’s has been

underlying industrial innovation. In the field of neuroscience, a similar trend is observed for the number of simultaneously

recorded neuronal cells, which has doubled every 7.4 years since the late 1950’s. Neural engineering has emerged from the

confluence of these two technological trends and has significantly promoted a number of progresses in our understanding of the

brain and the developments of neural prosthesis. In the present paper, we introduce how innovative instrumentation engineering

and information technologies have brought benefits in our daily physiological experiments and sometimes led to major

discoveries in a discontinuous manner. Furthermore, increasing capacity to acquire and analyze massive data may change not

only treatments of neural data, but also scientific approaches in neuroscience.

F—TJ—F M ==a2—o,

71391,
Keywords :

1. [ZL®»IC

LA=T OEAW T LR oT, arta—ZOhREk
HFF (CPU) O T P RAZHIT, 15T LITHEH L, 1970
E@E’iﬁlmoﬁotﬁ,ﬁﬁ?ﬁl&ﬂ%bf“é

ZORLYRIZH-T, ara—2oliEbRERE
mi%mffwé.%h:%w,%%f@%f%57~&
BT Z, FHEAMBREVNFTFELAELS IR TE D
Lotz ot.

2, MREEERIE, b 2D A—T OEHIR
&%, 1950 FRKIT, BEOPRGHNE O TEE) 7S [FIREFHE S
FUTLCK, WP CRIREGHH S 7o il o, 74428
IR LTV 5@, BIETIE, % 100 I o R 0 TE B 23
ZEFERFASNTWS., 20 b Ly RIZIRAIE, 2025 4

IXFIFEEHAI T & DM %E 10° EiC/2 . S 51, 2230
FEZIE 10" fl, Jedbh, MM O RAEEAIIL A S (RIS
TE2 L0k D.

PR L O FEE 1, WOFHREINZRRE T &, M
a) Correspondence to: H.Takahashi E-mail: takahashi@i.u-tokyo.ac.jp

*ORRCR TR B g o & —

T153-8904 JRAUHSH BXENY 4-6-1

Research Center for Advanced Science and Technology, the
University of Tokyo

4-6-1, Komaba, Meguro-ku, Tokyo Japan 153-8904
BRUR R A BE BT SR BB S 2R

T277-8563 THEWAATIANOLE 5-1-5

Graduate School of Frontier Sciences, the University of Tokyo
5-1-5, Kashiwa-no-ha, Kashiwa-shi, Chiba, Japan 277-8561

* ok

WONET VA, BEAREE
Brain, neuron, synchronization, microelectrode array, machine learning

1/6

OHEFRHEEMATHZ L, SHICENE LEMITSHT
HZEHEHBELTCWS. ZOWROREL, Lo >0
L—T OFEANCE 2 BT E . FHIE M Bl o 4
%i B IR O EAEY , FicmAzAlH L T&

. AT, %h%@ﬁ%ﬁ%rbﬁﬂ% R L5y

%®_hifkﬁh@ﬁn%ﬁ S%ERETD.
2. HIZREIOFA
(2-1) in vivo EE&& EESIL, K1DOX)RERT

LA ZHNT, BOMNOMREEN 25 L Cx 7. X
1 (a) OEML, EE 100 um DX > 7 AT DS % E
FRAFBE CRELAR S um £ THLS L, Jedilioh & @ oy TR Gl
& LT 5O, St O eI 23 R T B IR BB AL &
WTED., ZOLIRZ VT AT A NEMRIT, 1950 FER
CHESLENY, BAETHLERA SN TWA. £z, 2727
VR E T 7 TR LTZER S0 um BREO U A YT
RHATE % (California Fine Wire, Co.). X1 (b) DEHET L

A1, Amm A2 10 X 10 DEREE AT D, MENDS 05
mm 72>5 1.5 mm OIESITHIA L, MG 2T 5. &

B BHI T Y 22T, BmilIiciIE@n s & Sh T
ZOBMT LA X, 1988 412 Normann HIZ XV =& KT
B SN0, @, X2 BmEMFTHTND. BIE,
=1 & %L Blackrock Microsystems #E72 S il ST 5

X 1(c) ODREEMRT L A1, 5mm X 4mmiZ10 X 7D
Al EA L, KMEERE CHREBZ 3T 29, @7



(b} Utah microelectrode array

(¢) Surfdce mlcmt.leclrcd{. array

(a) Tungsten microelectrode: (i)

Sharpened tip; (ii) Electron micro-

scopic magnification of the tip
Fig. 1. Microelectrode arrays for in vivo experiments
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Fig. 2.
Abbreviations: A, anterior; P, posterior; D. dorsal; V, ventral.
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(a) Dissociate primary culture on the microelectrode array (MEA): (i) Culture
under test; (ii) Neural signals from MEA.
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(b) Co-culture of sympathetic neurons and myocardial cells for reconstruction
of heartbeat rhythm control system in vitro.

Fig. 3. Microelectrode arrays for in vitro experiments
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(a) High density CMOS electrode array: (i) Whole view; (ii) Magnification of
measurement region
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(b) Mapping of single neuron activity. (i) Size of neurons with respect to a grid
of electrode array. (ii) Simultaneous recording of extracellular potentials
around a test neuron with GFP epression.
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(c) Visualization of action potential propagation on CMOS array. At a given
post-stimulus latency, each inset shows the maximum amplitude measured
since an electrical stimulus pulse was applied. The stimulus pulse was applied
at the lower left shown at 1.5 ms. Black arrows at 2.2 ms are putative tracks of
action potential propagation. White arrows at 3.5 ms are putative responses
from cell bodies.

Fig. 4. CMOS array for neural recording in vitro
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(a) Decoding of tone frequency from amplitude of gamma-band oscillation. (i)
Cortical distribution of high gamma-band amplitude (60 — 80 Hz) in response
to 16-kHz and 40-kHz tones. The recording sites had a grid of 400 pm. (ii)
Contribution for classifying 16 kHz from 40 kHz. Broken area corresponded to
a mid-frequency region (10 — 25 kHz) in the auditory cortex

Ch#

PLV

(b) Decoding of tone frequency from high gamma-band phase synchrony. (i)
Matrices of phase locking value (PLV) of the gamma-band oscillation in
response to 16-kHz and 40-kHz tones. PLVs were estimated for all the pairs of
recording sites (Ch #1~#96). (ii) Electrode pairs with high contribution for
classifying 16 kHz from 40 kHz.

Fig. 5. Neural decoding in the auditory cortex
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