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A Fully Digital Data Recovery Circuit for Optical Link-based
Implantable Biomedical Devices

Tokyo Institute of Technology, °(D1) Reyhan Ramadhan, Yasufumi Yokoshiki, Takashi Tokuda
E-mail: tokuda@ee.e.titech.ac.jp

Introduction

Implantable biomedical devices have the
potential to revolutionize healthcare by enabling
new medical research and therapy methods [1].
Optical power and data transfer offer energy- and
area-efficient solutions for these devices [2]. Our
previous work introduced optical power transfer
(OPT) using photovoltaic (PV) cells and an
intermittent operation-based power management
unit, along with a functional circuit [3].

Expanding on this work, we are developing an
optical data reception scheme integrated with the
OPT. However, data recovery from the receiver
analog front-end (AFE) remains challenging.
Conventional mixed-signal circuits like the phase-
locked loop (PLL) are unsuitable for implantable
devices due to power constraints.

To address this, we propose a fully digital data
recovery circuit as an alternative for power-
constrained biomedical devices. This article outlines
the design and preliminary results of the circuit.

Algorithm and Implementation

The optical receiver includes a photodiode, an
AFE, a comparator, and the data recovery circuit
(Fig. 1). The AFE converts the optical sensor's
current to discernable voltage signal. The
comparator amplifies the voltage swing to rail-to-
rail (logic) signal for the data recovery circuit.

Our data recovery circuit is a fully digital blind
oversampling (BO)-based circuit designed for
simplicity and technology portability. The circuit
samples the data stream at a higher frequency than
the bit rate, determining the optimal sampling point
using the entire dataset.

Conventional BO algorithms incur high
hardware costs due to the need to store all incoming
samples [4]. We developed an improved
oversampling algorithm based on predicted bit
transition point (PTP). It comprises three
components (Fig. 2): (a) training logic to estimate
the bit period 7, (b) PTP logic to detect expected
transition point and recalculate the next PTP and T,
and (c¢) sampling logic to determine the bit produced
within the PTP.

Results

We designed the data recovery circuit using
Verilog HDL. A testbench simulation was performed
to verify its functionality, confirming successful
sampling and data recovery (Fig. 3). When the
transmission sequence started (200 us), the circuit
entered training sequence (ST2-ST4) to calculate the

VDD

Annrr

|
recov.
s 0x2AD

Veowe DOUT

Fig. 1 Block diagram of the optical receiver circuit.

Data register

_________________

Edge detection Sampler

_______________

Multiphase
CLK

Fig. 2 Block diagram of the data recovery circuit.
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Fig. 3 Testbench simulation result for the data recovery circuit.

sampling rate (TAU). The circuit accurately
predicted the sampling rate and sampled the data
(DOUT) when clocked at 1.2x the data rate without
synchronization. The output data stream (from 210
us) has been verified to match the input data stream.

The next step involves implementing the design
in a 180 nm standard CMOS process. Chip
fabrication and performance verification in real
conditions are planned for future work.
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Low-Powered RISC-V Processing Core for Optically-Powered IoT and
Biomedical Devices

Tokyo Institute of Technology, °(D1)Panithan Srisinsuphya, Yasufumi Yokoshiki and Takashi Tokuda
E-mail: tokuda@ee.e.titech.ac.jp

Introduction

In the pursuit of smart societies, there is an
increasing demand for small, low-powered high-
performance sensors and devices, particularly in the
biomedical and IoT field [1]. Fig. 1 illustrates our
concept of a device operating in 1-10ms pulses,
utilizing photovoltaic energy to power the sensor,
process signals, and transmit information.

Optical Energy
Harvester Layer

CPU Device
Layer

Sensor and
Communication
Layer

Fig. 1 Proposed optical-powered IoT device workflow

To facilitate the flexibility of the device to be
applied in many areas, reprogrammability is an
important trait to have. Hence, we propose to use a
RISC-V CPU based on the RV32E instruction set as
an [oT platform. This facilitates rapid implementation
of ideas by allowing the code and sensors to be
changed to accommodate various applications and
tests using the same chip.

Overall, integrating sensors and low-power, high-
performance devices holds immense potential in
smart societies.

Device Architecture

Compared to our previous work[2], a UART
interface as well as a volatile programable memory
has been added. This allows the device to receive
programs sent over UART, convert it to 32-bit
command lines and operate it on the CPU.

UBUS NXT Pin_selecter

UART Interface CPU Core ;-' debus of
Selector Control Debugger ebug_pins
: SRAM | | Unit
b I

PAD i 1 : | Bus

CLR = ROM |ALU ‘ Reg ‘ Controller
CLKTI: T i

RST 7

oA | GPIO

apio | Interface GPIO

IN Y ouT

.,
debug i _bus

Fig. 2 CPU top layer architecture for loT/Biomedical Device
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Results

The CPU top layer is designed using Verilog HDL.
The resulting design is then further optimized using
Design Vision and ICC compiler, reducing the
resulting CPU’s area. From the previous design due to
the additions the size increased from 690 X 690 pm?
to 910 x 910 um?. The resulting CPU layout can be
seen below in Fig. 3.

Fig. 3 Resulting layout of CPU chip.

The CPU utilizing a clock speed of 10 MHz, and a
baud rate of 115200, has a power consumption of
0.7mW while operating a LED program. This is a 73%
reduction in power consumption compared to the base
version which has a power consumption of 2.3mW.
To test the device’s ability to communicate wirelessly,
an RF circuit was connected to the CPU. Utilizing a
transmission frequency of 5GHz, 10MHz sampling
rate, the device’s ability to communicate wirelessly
has been confirmed.

In the next step, tests utilizing non-volatile memory
is planned.

Acknowledgement
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Integration of Single-Layer Graphene onto CMOS-based electrochemical sensor
Motoki Mitsuishi, Yasufumi Yokoshiki, Takashi Tokuda (Tokyo Institute of Technology)
Suzuki Junichiro, Sugawara Masato, Takeshi Watanabe, Shinji Koh (Aoyama Gakuin University)
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Fig.1. Concept of the single-layer graphene + CMOS hybrid
sensor
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Fig.2. Block diagram of prototyped CMOS sensor
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Fig.3. Photographs of CMOS sensor w/wo graphene layer
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Transparent and Stretchable Organic Electrochemical Transistor
for Biological Multimodal Sensing
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SANKEN, Osaka Univ. 2, °Takaaki Abe!, Teppei Araki'?, Shoya Matsuda’?, Naoko Kurihira?,

Mihoko Akiyamal?, Takafumi Uemura?, Tsuyoshi Sekitani®?
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(Organic electrochemical transistor, OECT) X, 1V LA FOEMEEIE, mW T Aa v X7 X A

(=1 mS) ., BEIZRERM: e & DR HE G, ERLEEEOER WY& L THIRF STV A[3], FF
(2o FRMRIEIT, B OEZICES L, HERE - EIROEBICHFEGT 2, b2, 7314 %
DFEAERE NG A KT NS AR LIZFAREHIOFEBL, 731 A FEEIC X 528 kb
PHIFFCE 2, LaL, 16k OECT IE, &7 & DOAEH R BB BB AV I DH 720
BIAVE & A WL TE TV, Eio, BRSSPSR O M EMENZ Lo Tz,

AHFFEClL, BEMEE LTERT 2 U1 % (Ag Nanowires, AgNW) . =8 (K448 E L C
Poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) #FH L. &i%HH THikre
OECT #BH% L7=, Fig.l (2, B> ZLEKZ OECT & T OEEZ T, BRIV - AgNW O
Al Z2 HE9 2 2 &I k0 o mOETIAE & rIEDEE R (>90%) 2 FEBL L 72 [4], OECT I21&,
F MBSO ZE A=V EIRET D72, FIRCEAVESE M L2 EofEHEfiAEA s Tnd, £
DOFER, OECT I, fERDOARBER R OECT LAI%ED N T v Aa v Xy B AR LTz, &6
(ARG 2 5 D 7258 OECT OREEEIC AT T, =T A b~ —Htl E~FEE T HEZ: AgNW ~— X
DERSS PEDOT:PSS _— A D8R A B% U7z, BARYER DT ) F v b U — 7 BHEFE S,
50%-100%EFEE DO EMENFEEL L 7o (Fig. 2), 584E W Co il raE /e XU LT /31 AT X
D, HLWZL 7 ha=7 A7 HFA ORI R )5,

a TR c o meoone pSiany o 100% Stain
N 3 \ “

/Substrate

Stretchable

—  Materials
f * 4> <100 pm '
— | Channe!/ _ AgNWs (Source, Drain) 5 oy > !
Fig. 1 (a) Transparent and erX|bIe OECT (b) AgNW-based Fig. 2 Tensile test of stretchable
electrodes. (c) Cross-sectional structure of OECT. and transparent materials.
[Z%Cik] [1]S. M. A. Igbal et al., npj Flex. Electron., 2021, 5,9 [2] W. Heng et al., Adv. Mater., 2021, 34, 2107902
[3] J. Rivnay et al., Nat. Rev. Matt., 2018, 3, 17086 [4] A. Takemoto et al., Adv. Sci., 2022, 10, 2204746

PEDOT:PSS

Flexible substrate
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Shoe Systems Embedded Simple and Inexpensive Slip Detection Sensor
for Prevention of Slip-Related Falls
RAIL! FiXI?2 RKES O RE', BEH H/h2 MFF B3
Univ. of Tokyo Eng.!,Tohoku Univ.2, Univ. of Tokyo Sci.3, °Yusaku Tagawa', Taiyu Okatani?,
Hiroshi Onodera3®, E-mail: tagawa@ntech.t.u-tokyo.ac.jp
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40%I13IE D IC X HEENCERINT 20, WSR2 272D, HEIC Y =T T TNT A X
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R URE OB LT S) 2RIETEL2 0 =T I 7NV AT L2 RET 2,
[ZEBRTFIE] REH OBLATHE Uz 1 fil) & o RO ER & 5 B 7 A% pk ©FF (R
BHEE W AREZRE 9NN A T, FEIC 1#hte 28t s (K1), KRRACEV A5
MR, FrbEERARE (W) HEEWRER B VDM Puax & BARORE Z FHH AT RE 72
YOI Fropg THESND, Z0 2 BEMEEZHMT 52T, mEIZE > TRARDFIE
FEBARE A EREICHEE FTRE T 5,
[FR] £7 2 BfEEO& o Y OREEZFHMIT 57001, BEH)ZEERPHEECEINL, WA
& HFRIA & 7RNR I TRME L7z, SN UL EDOfRIEA MR 5 2 & TEEMEO KR/ N HETEDL Z &
WNoinotz, ZOREITHEICE Y 25 LB DM EERITEBZ 5720, HUETO
BT SHERARETH D, EICHUEICREE 2 L, 220 & TOEMIFIEY
SHVHE I REZR MY AT L& RRE LT, BHEBATREOMA VELOBTIZBIT e —V A T A
JREOR Y EB A 217, EBRICE MCEE LTHAETH, EEOWm 245 2 &<,
BT IEWMET LI LN THLZ L 2R LT,
[F5 VD IT)ABIE TIE, MUE TSI Y T S A HEETE DM AT LM LT,
WOLF 2wtk d 52 & T, WVBEIORRYIE - HEIZE T MR 2B,
(BEE] AWTIE D —ERITITA G857 SPIRRRIRAT 7EF 3 BHiEe (22K20500) DSCHE 23215 72,
[£%E k] [1] T. K. Courtney,et al., Ergonomics, Vol. 44, pp. 1118-1137, (2001).[2] Y. Tagawa, et al.,

JCMSI, Vol. 14, Issue 1, pp. 206-212, (2021).
10}
1
1
Outer one-axis 08 l
Elastomer force sensor 2 |
Outer substrate 26l
Internal one-axis u
Inner substrate force sensor \5
o4t
$
1
a~—1 02
Outer sensor : | 3
lS)tatIC friction - Inner sensor : 00 w/o Oil floor w oil floor
MAX Normal force FTOTAL (large p) (small p)
Fig. 1 Device overview. Fig. 2 The reaction of two-stage sensor toward

the w and w/o oil floor walking.
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Development of ion sensors and organic signal processing circuits for wearable sweat sensors
BRRBE L !, BRKPEERF 2, EERSAFSCHR~ 4 hoSA 23
OMDEEE Bk 123, AR B 23, REA A 123, G S,
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ANDOJUCEEEEERS U, #@En 2Rl AR v 72T v =T 77 0908, kit
RANVATTTARA AL LTHER SN TN D, AR TR, AR DR B O L 22 27T
H Na, K A A REOEGRELITO U =7 7 7 /WTe oM E BT, LTz
LEB I ONICEE T2 LEAHEL LTEY . BV OHIMEBITANL Y, A RO BE %
TR, O, ERELFHANETSH Y . EETHAIE SO A XMitEm LIS
2%, FATHIZETIE. (B LBRRIBEITIE Si 22 SV B W B TRV (1], b VWER
MR L TBURIMEIC KT 5, £ ZCARBIZETIE, AUTIBRET 23— Ml Na, K A A3
OYERUTIN A /A KRR ZEAT O 7 L v 7 VAE SR OB I B AL A 72,

Na, K A 4> iE, JEE 25um @ PEN 7 /LA T Ag/AgCl & BFEDA A ZELY
Ao A A RN A TN LTS Td H(Fig.l a), B, A 4 EIRR L S RE
W CA A RIS LTe B 2R, ER L7 Hid, Vi X2 cm)ﬁ’oi@(“@b UIN
T A A PR EEREPRIC F5 W CTRALOMIEH J) D3RS T & 7(Fig.1 b), RIS /LR mIE T
é1wn@ﬁUVHEﬁVUHAALKﬁ%%?yyx&@ﬁ&mWTN@ﬂun%ﬁﬁﬁéz
ETERIL7=(Fig.lc), ZHFETIZ, HAA v E—F U AEROEE 2 ORI T —T 7 1
U DFM 24T, A A2t o O SR L ( A Input Voltage~100 mV) CEIEA A C & 7= (Fig.1
d), AFRTIE, A At Y EREOREIT AT TZAEOFEMERET D,

(@) (b)

200

. -®-Na ion sensor' !
measure p\otentlal o _ 190  y=58.2x+229
S Insulating ink > 100|-e-Kion sensor
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R membrane 0

\ -
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-
-100
electrode y\ membrane B -

7 6 5 4 35 2 A
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Fig.1 (a) Structure of ion sensors. (b) Characterization of Na, K ion sensors. ([C]: Concentration of Na*
or K* in solution) (¢) Image of a flexible organic signal processing circuit. (d) Input-Output characteristics

of the voltage follower. (Voltage Drain =3 V)

225 3CHR: [1] Gao, W. et al, Nature 529, 509-514. (2016)
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Functionalization and characterization of conductive polyaniline electrode for selective

detection of lactic acid in sweat
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I RNET B LT~
3. EEREER

HEEF MY v AZRIT 5 & PANI-PBA fi5#
FEMR TR DZALITIE U T EIS HIEIC&S<
TR BRE LSBT H(K 2) L FIRFIZ, &
MEOEL b MR TE 72, LT MU 7 A DU
I o BREFFEOZ(RIZ LT R v A%
WML LSRR 5, 2O WDIEIT
72 E ORI F T PBA L HEBAREEA L.
PANI-PBA RN CREMMAFHEE I N2 7
EEzZLND,

EREREN T AN 1L7/1habs Y- 10a) I - A EN
T OHERIRE %2 2 O%RET 5 FIEIZ DN
T 9 Do

T
—— omM
0.1 mM

3l 0316 mM
1 mM

—e— 316mM
—— 10mM

4 5 6 7
Z'(Q cm?)

2 HEEF FU U ATINC L D
PANI-PBA &M D EIS R

SE Xk

[17 Shoichi Nishitani, Youyuan Man, Taiga Noguchi,
and Toshiya Sakata, Advanced Materials Interfaces
2022, 9, 2201029.

[2] Toshiya Sakata, Shoichi Nishitani, and Taira Kajisa,
RSC Advances 2020, 10, 16999-17013.
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A low-invasive microneedle electrode and packaging technology
for chronic neural recording in freely moving mice

EEEHEX T OD)E42KER ,(P)ILUTER ',(M2)jEKHRE 1, BEHFE | EEEM A EHRIL
Toyohashi University of Technology !
OHinata Sasaki', Koji Yamashita',Sayaki Shimizu!, Rika Numano!, Kowa Koida!, Takeshi Kawano'
E-mail: sasaki.hinata.wc@tut.jp

(XL OHIZ : thRRL R0 R, AIEROIFZEICRB W T, T8 F~ v ADOE b % E BRI
HRENEETHD. (ERTEE L THTEIRIT M TON CE R, 1TENCE N WELOE &K
FHBICBWCHEREN S 72, ERGHMEOTIEE LT, mBFEmofies A L2 AR S 4 A
WAFHDNE I TH L, B2 CIXERORBEENSHE ChH 72, SOICHBEITEITT
IXBBOA = AL~ T ZADITENCRK Lz /A X2 XY, BMOWVETO=a—n it
PR TH-T2. 2D OFEICK L, AMFETIHERRE~ A 7 5 =— FLVEMRIC L H/TE T
~ U ZADORMFHNEIN O A B E L, BEROEHFHS X OMTEN T/ A4 AR AT 7
FHAEENM : ARG 2T 5720, AR TIHEL Sum, £ S 400 pm O Si =— K/LVE
Z 7= (200 kQ, 1 kHz) (Fig.la). aFfie LT, Si=— R/VEMIS L OEE 10 pm O ik B
(B T AT V) e~ ATHDIAL, = a—8a UESOESREHIZ1T - 72 (Fig.1b). HLHIA
HE 6 MHRBBICIBNT, H—=a—a WK T 5 spike (575 (~1 kHz) DSz~ v
2%, THREMTIZ S PE D 0 PEIZiED L=kt L, Si=— RAEMBIZBWTIL 4 P85 3 T
DWW E - 7=(Fig.1c). ZOFERND, BN DIET A A OBA R S 7.
THT/ A4 XERBATIHCERT S /A4 XL LT, HEM (EMG) OKEEFT->72. EMG 13L&
WX > CHMNER D2, BIREME FLEEMICEHT S8, ZEFHIETT O 2 & THRENATHE
\Z72 % & & 2 1o (Fig2a). ZZTlE, Si =— RAVEMREIXFT L MEmESREME Lo
(Fig.2b). /MiiAaSHREMmE Liz56 & OF-—EE, FRRFHINCBT D HRICBNT, BET5HS
FREEMRIC 1 0 spike DN AIHE & 72 o 7= (Fig.2c). JAEAATIZIB VT, spike HIRD /A4 Xk
DR S 72 (Fig2d). Lo TR~ A 7 o =— K Z AW EMITE PR AIRE & 72 o 7.
ASBRITET N~ T ACKT DEBOERF 72 E~EIGH L TWL .

b)

Sineedle —_

_— Reference

[This work]|

:D_L(Rar i
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¢ =5 z N
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Fig.1 Long-term recording with tungsten and Si needle electrodes.  Fig.2 Reduced noise during animal behavior. a) Schematics of a

a) Overall view and SEM images of the electrode device. b) SNR  conventional method and proposed one for EMG reduction. b) A

of spikes detected in each mouse (mean + SD). ¢) Numbers of packaged Si-microneedle. ¢) Waveforms recorded from the

electrodes detecting spikes in each mouse 6 months after electrode (V1) of freely moving mice with different reference

implantation. electrode positions: cerebellum (left) and surface of V1 (right). d)
Comparison of power spectral densities (PSD).
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Fabrication of multichannel PMOS buffer amplifier for neural recording

SERBWMHPRE ", JIBITESFEMFR (M1)EHK 5", /\K &', (P)UT =7 ",
FEI Hz 2 RiR @, FHF K&, BF FE, 88 20, % B
Toyohashi University of Technology!, National Institute of Technology, Kushiro College?, °Y. Kondo',
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[FCHIT: A PR ERE, & 5121 BMI (Brain-machine interface) ~® i Iz el 72 bE
N D = 2 — 1 AEE) Z & OVE TR 2 BT S A AR SN TWD, IR Eﬁ’ﬁoﬁaﬂﬁﬂ{fkﬂz
2 UC, P INEERR 2 IR AT 2 R BRI S O R 51T d 503, BV RFZE i EE I
aﬁﬁiii%:1~m VEHUAFRETH D, R BITBR A OEMENMT & LT Si fifmRERM (VLs
) WX DEAR 10 um AT, KX 400 um DL EOEMT NSA AEZRELTE7Z, LnL, BHROMK
Ak H:b\, BROEA = AL L D =2 — 0 MESOBERENSRETH T2, 20
FRBEICKT L, BRI NMOS #D Y — A7 4+ u U a8l 57 0 AFERINARE L W, %
7=, FHADIR 2 A4 RALICHET 72 PMOS Bk D Y — 2 7 + 0 U R LTS @ KIF%E T, —h
ETDO | F¥ U RNVEMT NA ADELTF ¥ o XIALICIANT T 4 Fv% %V PMOS Xy 7 77
7 O XL OFRHERH 21T o 72,

FINAREEETEBIE: 2 DD PMOS THEFE L2 Y — A2 7 30 U & T L AL LTZ 4 F% o RAEHAH D
Ny Z7T7 7 %20 X 25mm? fAIZEkEHL7Z, PMOS O4% 7 — Mg L, & W % Wi/Li=200/10pm (K
TAT7), Wolla=3030pum (2—R) &L, FHAI U H I Z A% gn=1.6x10°S, gn=72x10°S
ELT, FlF A% 1 CTHEF LT, BREH LIy 77 7 7 %KD 5 um PMOS Hifli CHRUWE L 72,
BELI=TNARAOQFEE: X 1 [CEWELT= Ry 777 7 amd, 8ELZE PMOS ORI, FIfE
BV =056V, Ve =072V TH Y, F72VU =7 EHIT Leaa = 22.5 pA, leaz =248 pA, Tholz, F
7o, BYEL7ZPMOS YV —RA 74+ u 7L, 098 D7 A &Lz (K2), [FU L/WEHDO NMOS Y —A 7
BT EOHKTIE, WRETDH=a—v NG5O BPEEERIZB T, F15 224 dB D/ A XD
iR L7 (3), ZHUL 10wVl Ed D =a—na AfZ5505HIICE W TR ) A XFHETH -T2,
(1) Y. Kita and T. Kawano et al., PNAS, vol. 118, No. 16, €2008233118 (2021)
(2) J\ KB, WEMEIL i, 5568 [MFZSAMELES, (2021 4F)

4.0 107
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Z L) em ol
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Fig. 1. Fabricated AMP module.  Fig. 2. Vin — Vour characteristics.  Fig. 3. Noise spectrum density.
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Fabrication of a light weight, multi-channel wireless BLE neural recording system for mice

ERERX, IR ITRSFEMFR?
OM1)fFER ERE ', RA)I &, HF)I Eza 2 (PhD)LT =71, (DHEAXK &R 1,
BE ME, 8@ FM, AF AL
Toyohashi University of Technology', National Institute of Technology, Kushiro College?,
°H. Ito', R. Hasegawa', S. Idogawa?, K. Yamashita',
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[ZCSHIZ: MR RleE, MAEHERE, X 51T Brain-machine-interface (BMI) 7z & DISHICHNIT T,
FWHEO = 2 —a VERIEM S EECTH 5, BREMPWEHICIIEM? S 7 — 2 2@ 3 25
HER T CoESmci —RWIcERPIHbO T E -, —h., EWEHIIci7yr—7 itk 2 H
HITE T 2k~ @A — 7 DN CRIIREE ) & D ) 4 K2R T % -0, HEiE A
WFHEIY 2T A ICFEEHSET o TS, LA L, (EROEERRGHEY X7 41k, = v Xk D/
MO EERBEIYICIIRE L, TAMEM0EE TR ETHAEMECE WO RELRH - 72, D
% R R, FA B g <, AN CLHMEDY S Bluetooth-low-energy (BLE) i
ERAWEET v VAL TAXY LRGN R T LEBRE L O, £/, 2hixgFvy v arfbliz
FHERIC L 2 =2 — o VESEHHIOMRE%2{ToCTE 72 @, AWfECIE. RIRERKOREL, 7
L& v 7VHEMR (FPC) % b 72 iR o Bkt L 24t - 7 4 XK, 5 X /N E % BiE L
L. [Hig&EE. 83, BX U0~y 22 -8 EE 21T - 72,
REREER - AR T, /A XICEVERL R N R 4T v ARl = Y b &
FWHT =01, fHllcBER 7402 - Ty 7a=y b, EEUEHA~ALF 7L 29, IV
BLE == v I % 1 i@ FPC EMRIcEE T 28%E 21T o7 (Figl), ERRICEFELZZ4F v v AL
BEMEHIl L= > b iE, A4 X810 X 20 X 11mmd, EEIZ32g (Xvy 7 V&) 2FEHL 7~ (Fig
2), BUEL RGNS 27 22T, ~ v R EHWEZ2WERNZIT o7z, 7 2D 1 KR
JEEEF S L AVGEIR (SIB) 124 F ¥ v AAEMT N4 X (F1250kQ, 1kHz) ZHIA L., Il
ICINET A ESEHZ T o 72 Z DFEER. HEUCH LT 10 ~ 15 ms f1EIC, FEICIGE 3 3 /T
£ AN (LFP, Local-field-potential) 35 X Uf Spike {55 23 ise T & 7= (Fig. 3),

Ste. BUEL 2=y F ZHOEEEHEL, 2=y b ofEEic X 2 Ek~oaH 0 EEN
A, X HICHERRIC X B HIHBRRE D R L T W TETH 5,

1) S.Idogawa and T. Kawano et al., Sens. Actuator B-Chem. (2021).

2) R, WE fh, 5 82 MUGCHYELY SIS AEE S 2021 4E

60
______________________________ '_|_ : 0 : "“ﬁ ' '
4CH = m ?iu_itl> i -60 H L
Electrode ——t Fiigoup it i I\_/onalgghﬁﬂg = 60
! " evel 1Tt L oo
S S 7 ¢ N R % i
-60 1
Charge Pump % 60
+3.0V MUX % 0 i }M apoonbpe ;“W
[t =8 '
Li-Po BLE |. i r—
3.7-4.2V | | Peripheral| %2 0 02 4

Time [s]

Fig. 1 Diagram of a 4ch wireless neural Fig. 2 Photograph of a Fig. 3 Recorded waveforms (500
recording system. fabricated wireless unit. —3000 Hz) via the wireless unit.
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Neural recording in mouse models with diabetes using a 5 um-diameter needle-electrode

BRERBERE !, KBIERREFMFERE, 77/ 7 v ReD’

CIWT FEE, =H ERE, B EAC R GREE, LB

XY, BILATES, BE FE

fBH FEfn!, WE ORI
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[XCOIZ: R D 3BT 3T, BT OB
EHWEESEHNTEECTHAS. LL, HERFEREIZ
K0 MAEREE 2 FIE U7 R CI, BT A 2 O]
ARFIZ X 2 i i i B P ol i 12 5 2 2 845 & fe /M3l
ZHMBERSH D L2, AKBFZETIE, SifEskEEIC L v R
TELIZERS ym D~ A 7 a7 u—T7EWT 1 2% M
W T AE B e & B 7 LRk & FE O BE IR E T L
~ U AD = a—n RWIEH O T REME & Bl L 7.
SITA—TEBBT/INAR: X LICEELZSi~A 7 a7n
— T EWRT A ALR T, BT AN, AD T a—T 5y
I SifSaACR N (VLS E) I2X IRk ESH, £ 400
pum TR ITER Sy DEARIE 25 pm, SEIREAES 4 um THh -
7o, a—7oERMbE LTHE (P ZakEL, AR
BEAEMEDOE WY Lo Z2 AW THeaE L7z, (5580
HLDOTEDIZ, BT NA AIEA vy I ax
7 X FIEEER—A N2 AW TERERZITo 728

In vivo BHEEHEN: X 2 IZHEIRIFET L~ T A D&M
DOFERZ T, Si 7 v — T EMIC L 5 MDA Z LM
£ L=, BERBETT L~ A (+Leprd/+Leprd , A
A, ~50.0Q) \ZA Y TNT MR L, ~ T AEMD
BT (V1) (BT A AZRIALTZ1%, HE
ALy raHnWCEmEEE Lz (X 23). 73 2D
PERETS, BHBITEIT S~ ATk L LED 1T X AR
WEATV, ZTOINEZFHHI L7z, fERE LT, #HdiAA
%1y ARNCO D RTINS L= 2 —a 5
BEHAL (M 2b), I OEFRHEEE (SNR) 0%kt
7o BE LRk EEB Lz (K 20).

BEGEE: X 3 ISR GO R L ~T. BT N
A 2% 2B I LDABDIAAT< T ADK %S0
FR LY a1z X GFAP (glial fibrillary acidic protein)
PYOTHZ L TT A buY A FEAS L L, EERE
Z17-o7- (K 3a,b) fERE LT, BETDIEMT A A
ITPEREMm (¥ 7 A7 B, B 50 um) (2
THFBEEZARICERT o Z R T,

DL EORERE, BT DEMT A APRPERFET L
~ 7 ADOMIZHK L TEMEFHIPITZD Z L Z2med 5,
1. Moheet, A., et al., Ann. N. Y. Acad. Sci. 1353, 60, 2015.

2. Bogush, M., et al., J Neuroimmune Pharmacol., 12, 593-601, 2017.
3. Sawahata, H., and Kawano, T., et al., Sci. Rep., 6, 35806, 2016.
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1 BELIZSi~A 7 uFu—T7 BT A %, a) 7
A ADEKB. b) Si Fu—T D SEM .
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